Google 


This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world’s books discoverable online. 


It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country, Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that’s often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book’s long journey from the 
publisher to a library and finally to you. 


Usage guidelines 


Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 


We also ask that you: 


+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 


+ Refrain from automated querying Do not send automated queries of any sort to Google’s system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 


+ Maintain attribution The Google “watermark” you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 


+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can’t offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book’s appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 





About Google Book Search 


Google’s mission is to organize the world’s information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world’s books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 











aifhttp: //books . google. com/| 





WOONONA 
—600084827W 


\ > 
( 1 ° 
o 
a 





A MANUAL 


oF 


PHYSIOLOGY 











A MANUAL 


PHYSIOLOGY 


FOR THE USE OF 


JUNIOR STUDENTS OF MEDICINE 


BY 


GERALD F, YEO, M.D.Dvnt., F.R.C.S. 


TREMOR OF FRYSIOLOGY NF KISU's COLLEOR, LONDOX, FTC. 


LONDON 
J & A. CHURCHILL 
C4, NEW BURLINGTON STREET 
1884 


165%.€ te 








PREFACE. 


bea 


‘Tue present volume has been written at the desire on the 
part of the Publishers that a new elementary treatise on 
Physiology should be added to the series of admirable students’ 
manuals which they had previously issued. 

Tn carrying this desire into execution I have endeavoured 
to avoid theories which have not borne the test of time, 
and such details of methods as are unnecessary for junior 
students. I do not give any history of how our knowledge 
has grown to its presont standpoint; nor do I mention the 
names of the authorities upon whose writings my statements 
depend. I have also omitted the mention of exceptional 
points, because I find that exceptions are more easily remem- 
bered than the main facts from which they differ; and, since 
we must often be content with the retention of the one or 
the other, I have tried to ensure that it shall be the 
‘more important. 

While endeayouring to save the student from doubtful and 
erroneous doctrines, I have taken great care not to omit any 
important facts that are necessary to his acquirement of as 
lear an idea as possible of the principles of Physiology. 

T have not hesitated to lay unwonted stress upon those 
points which many years’ practical experience as a teacher 
and an examiner has shown me are difficult to grasp and 
are commonly misunderstood ; and I have treated such sulbyecka 





as are uscfal in the practice of medicine or surgery, more fully 
than those which are essential only to abstract physiological 
knowledge. 

As medical students are generally obliged to commence the 
study of Physiology without any anatomical knowledge, I 
believe it to be absolutely necessary that their first physio- 
logical book should contain some account of the structure and 
relationships of the organs, the functions of which they are 
about to study, I have therefore added a short account of the 
construction of the various parts discussed in each chapter ; 
it has, however, been found necessary to curtail this ana- 
tomical portion to a mere introductory sketch. Numerous 
illustrations, with fall descriptions attached to cach, are intro- 
duced to supplement the explanation given in the text. 

So far as is consistent with an accurate treatment of the 
subject, 1 have avoided technical terms and scientific modes of 
expression. I know that in attempting to explain physiological 
truths in every-day language and in a plain common-sense way, 
I run the risk of appearing to lack the precision that such a 
subject. demands ; but after mature consideration I have come 
to the conclusion that great scientific nicety and a scholastic 
atyle of expression have a deterrent offect upon the beginner's 
industry ; and I think it better that he should acquire the first 
principles of the science in homely language, than pick up 
technical odds and ends in learned terms, the meaning of 
which he does not comprehend. 

As many words, strange to the first year’s student, have to 
be used and must be learned, it has been thought advisable 
to add a short glossary, containing an explanation of the most 
ordinary physiological expressions, 

Great difficulty is always found in fixing upon a starting 
point at which to begin the study of Physiology. To begin 
with the circulation of the blood, which is so essential for 
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the life of every tissue, one should have some knowledge of 
nerve and muscle. ‘To begin with nerves and muscles the 
mechanisms and the uses of the blood current should be 
understood ; and so on throughout the various systems, which 
are so inter-dependent that, for the thorongh comprehension 
of any one, a knowledge of all is required. 

T have, therefore, adopted the time-honoured plan of com- 
mencing with the vegetative systems and following the course 
of the aliments to their destination and final application, as I 
believe that this arrangement is open to as few objections as 
any other known to me. 

I wish here to express my most cordial thanks to many 
friends who have aided me with kind assistance and advice. I 
am deeply indebted to Mr. W. Tyrrell Brooks for the great 
help he afforded me by compiling the chapters on De- 
velopment ; and I feel I cannot sufficiently thank Mr. E. F. 
Herroun for his untiring and valuable assistance in the re- 
vision of the proof sheets, 

To Mr. G, Hanlon I am indebted for the careful and skilfal 
manner in which he has executed the new woodcuts, most of 
which he had to copy from my rough drawings. 


Krxo’s Coutnex, Loxpox, 
Janwary, 1884. 
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MANUAL OF PHYSIOLOGY. 


CHAPTER I, 
THE OBJECTS OF PHYSIOLOGY. 


Broroer, the acience which deals with living beings and the phe- 
nomena exhibited by them, may be divided into two great branches, 
vin — 

1, Morphology, which treats of the forms and structure of the 
bodies of living creatures : 

2. Physiology, which attempts to explain the modes of activity 
exhibited by them during their life-time, and may therefore be 
defined as the science which investigates the phenomena presented 
by the textures and organa of healthy living beings; or, in short, 
the study of the actions of organiams in contradistinction to that of 
their shape and structure, 

‘The organic or living world is naturally divided into the Animal 
and Vegetable kingdoms. We have, therefore, both animal and. 
vegetable morphology and physiology, In studying the vegetable 
Kingdom, the form, and the structure, aa well as the activity of plants 
are gesociated together in the science known as Botany. The physio- 
Jogy of plants may therefore here be omitted ; though, indeed, it can- 
not be neglected in considering the processes belonging to animal 
life. On the other hand, the morphology and the physiology of 
animals are commonly taught separately, and in the medical curri- 
colom ate made distinct subjects. 

Morphology properly includes the external form, the general con- 

or anatomy of organisms, and the minute structure of 

their textures as revealed by the microscope, This latter brunch of 

study, under the name Histology, has now developed into a very 

wide subject, which is inseparable from either physiology or anatomy. 

Jn thi country histology is commonly taught in the medical schools 
¥% 
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with physiology, for while the time of the teachers of morphology 
is occupied in expounding the details of descriptive anatomy, 
the microscope is in everyday use in the physiological laboratory. 
Moreover, an adequate knowledge of microscopic methods, and of the 
various form-clements of the different textures of the body is one of 
the first essentials for physiological study, 

Aa the different actions of the body are performed by different 
tissues, which in the higher animals are grouped. together as distinct 
organs, a general idea of the position and construction of theses 
different parts of the body must be acquired before the study of 
physiology can be commenced. Anatomy and general morphology 
are the frameworks upon which physiological knowledge is built 
up. Some knowledge of these subjects must therefore precede 
the study of physiology, in anler that the student may be in a posi- 
tion to grasp even the simplest facts connected with any physio 
logical question, 

‘We shall soon find that the assistance of other sciences is also 
indispensable to physiology. Thus every action of a living texture 
or tissue is accompanied by some chemical change, the chemical 
process in fact being commonly the essential part of the phenomenon. 
The student of physiology must, then, know something of ‘the 
sclenoe of chemistry ; indeed the mode of action of chemical 
elements forms quite ua important a yroundwork for the study of 
the activity of the living tissues as their general form or minute 
etracture, 

Further, the laws which govern the motions of inanimate bodies 
also control the actions of living tienes, for we cannot claim to un- 
derstand or recogniee the existence of any laws affecting living organ- 
femmes othor than those known to be applicable to dead matter, There 
‘are a great number of activities shown by living textures which we 
cannot explain by the recognived laws of nature. Wo therefore, use, 
for convenience rake, the term “ vital phenomena,” to indicate pro- 
cossea which aro beyond our present chemical and physical know+ 

In using this term we most not think it implies « separate 
setof laws of life, We cannot discover or formulate any special 
Jaws affecting living beings only, and therefore wo must not asmume 
that any such exist, We must ruther endeavour to explain all the 
w-valled “vital phenomena” by means of the laws known to 
chemists und physicists. By this imcans we shall certainly get a 
closer insight into the processes of life, and if there be laws govern- 
ing tho living beings we may learn to know them. This method of 
working has already given good results, for within comparatively 
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recent times many of the processes which were regarded as specially 
vital in character have been shown to be within the power of the 
experimenter and to depend on purely physico-chemical 

It ds therefore necessary for the physiologist, before he attempts to 
explain the activities of any organiam, to be familiar with not only 
the structure of its body but also the various laws which, as chemists 
‘and physicists teach us, control the operations of inanimate matter. 

‘The sciences of chemistry and physica may, in fact, be regarded 
as tho physiology of inorganic matter, just as when chemistry and 
physics are applied to the elucidations of the functions of living 
‘creatures by the biologist, the «tudy is called physiology. When we 
consider how far the chemist and the physicist still are from thoroughly 
grasping and interpreting all the phenomena presented by the various 
Kinds and conditions of matter, we cannot be surprised that those 
who attempt to explain the actions of living beings find many pro- 
cesses that they are unable to comprehend. But while physiologists 

ly make use of the convenient term “vital phenomena,” they 
do not thereby imply the existence of a special living force or any 
kind of enengzy pecalinr to living creatures. 

‘The final end of physiology is, then, not yet within the reach of 
our modern methods of research, To explain the mode of activity of 
living beings, and gmsp the exact relation borne by their living pheno- 
mena to the laws which govern them, is a task of enormous difficulty. 
Tideed the manifestations of certain energies in living organisms 
are so complicated that it is often, if not gencrully, impossible to say 
exactly how they are brought about, and we are therefore obliged, 
for the present ut least, to be satisfied with the mere recognition and 
deseription of the phenomena. 

Since the human organism ja the special stuly of students of medi- 

the contents of this volume should properly be restricted to 
the physiology of man. But human physiology cannot be studied 
alune; because in man we cannot watch sufficiently closely, or 
question fully, by experiment, the phenomena of life. Further, 
no tharp line of teparation can be drawn between the actions of 
the various organs of man und those of the lower animals. The 
consideration of the physiology of those animals which are akin 
to man must therefore go hand in hand with the study of the 
of man himself, Much light has been thrown on the 
actions of the most complex textures of the highest animals, by 
the observation of the activities of the lowest organisms, where tho 
manifestations of life may be carefully watched with the micro- 
scope in the living animal under perfectly normal conditions. 


we 
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GENERAL CHARACTERS OF ORGANISMS, 


The term organism, which is commonly used as having the sme 
meaning as living being, owes ita derivation to the complexity of 
structure common among the higher forms of life, which are made 
up of several distinct organs This organic construction no longer 
holds good ns a distinguishing mark between living beings and inani- 
‘mate matter, because we are acquainted with a vast number of living 
organisms, both plants and animals, which are not made up of organs, 
Dut are composed of « minute piece of a soft jelly-like material, 
which is simply granular throughout, and devoid of structural differ- 
entiation during the life of the creature. 

‘We may classify the general characters of living beings as follows : 

1. Structural and physical properties, 
2. Chemical composition. 
3. Activities during life (vital phenomena). 


1, Sravcrurnan Caanactens or Oroayisas—The minute strac~ 
tury of living beings as shown by the microscope no doubt helps to 
distinguish the textures of onganias from inorganic structures. 
Although onganic textures are found to differ very widely in their 
characters they aro all related in one respect, namely, that at some 
period of their existence they consisted of cells, ie,, minute maxes 
of a wabstance called Protoplarm, In plants this cellular structure 
remains obvious in nearly all parts of the adult organism, no matter 
how much the texture may be modified by adaptation to the require- 
mente of any given duty or function. If we examine with the miexo- 
soope the leaves, bark, wood, or pith of a plunt, in all of them a 
cellular structure can be recognised. In the less developed mem- 
hers of the animal kingdom, and during the initial stages in the 
existence of the highest animals, the textures are composed exclusively 
of aggregations of living cell-elementa, We shall shortly we that in 
the more fully developed condition of the higher animals, the cells 
‘become variously modified in form and function, and the protoplesn 
manufactures various structures adapted to the performance of the 
diverse functions of the different parts. In all organic textures 
which can be said to be living, colls aro dispersed in greater or leas 
number throughout them, amd mgulate their nutrition and repair, 

2 Crrmacat Costvosrrion.—Therw are no characters in the chemi- 
eal composition of the toxtures of organic beings whieh can be said 
to be absolutely distinetive or to separmte them from inorganic 
matter, No doubt their chumfesl construction commonly exhibits 
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certain peculiarities, not een in dead matter, which may be taken 

as characteristic, but living textures only differ in the general plan 

of arrangement and composition from that most commonly met with 
in the construction of inarganic materials. 

In the first place, the great majority of the chemical elements which 

we know of, take no share in the formation of living ercatures, and 


other lund, thero. aro four elements, namely, carbon, oxygen, 


the 
hyilrogen, and nitrogen, which are found with such great regularity, 
and in so great quantity, that they may be said to make up the 


Secondly, in organic textures the chemical elements are associated 
in a much more complex and irregular proportion, Generally a large 
number of atoms, of each element, are grouped together to form the 
meolecule, aud often the compoind is 0 complex that its chemical 
formula remains 4 matter of doubt. As an example, a remarkable 
body, called lecithin, which appears in the analysis of protoplasm 
and many tissues, may be mentioned ; it is a peculiar compound 
containing nitrogen and phosphorus, and in construction said to be 
like w fat. It may be expressed thus :— 

©, Hy, N PO, 

In inorganic substances, on the other hand, the elements are found 
to be combined, ax a general rule, in simple and regular proportions, 
‘The molecules are made up of but few elements arranged in a 
definite manner and firmly bound togetlier, so that they are not 
prone fo undergo spontancous decomposition. As an example, we 
aay take water, which has the well-known formula, 


H,0. 


‘Though these bodies may be taken as types of organic and inor- 
ganic substances respectively, it must not be imagined that all organic 
botlies are as complex, irregular, and unstable as lecithin, or that 
inorganic compounds, as a rule, are invariably simple and stable like 
water, 

Tt is further remarkable that Carbon—an element which is excep- 
tional in forming but few associations in the mineral world, where 
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it chiefly combines with oxygen to form CO,—is almost invariably 
present in living textures, in which it is combined with hydrogen and 
nitrogen as well a8 oxygen in various proportions. The constancy 
of carbon as an ingredient of onganic bodies is so great that what 

was called organic chemistry is now often called the 
chemistry of the carbon compounds. 

‘These complex associations of many atoms of carbon with many 
atoms of other elements, are readily dissociated when exposed to 
the air under even slightly disturbing influences When heated 
to a certain degree they burn, ic, unite mpidly with the oxygen of 
the air, and in the presence of minute onguniams they putrefy. 
Thus énstability is a general feature commonly met with in most 
substances of organic origin. 

Chemical instability reaches the highest piteh in tissties whieh 
are actually alive and engaged in vital processes. So long as any 
texture lives it must constantly undergo certain chemical changes, 
‘one of which is regarded as a kind of decomposition, tending to 
produce disintegration, and the other, a re-integration by means 
of new chemical associations with fresh material, A tissue may 
then be said to deserve the term living, only as long as it under- 
goes these ontagonistic chemical changes. The tendency to de- 
structive oxidation or disintegration is intimately connected with 
the functional activity of the living texture and increases with this 
activity, The reintegration or constructive process requires the pre- 
sence of suitable materials with which the texture may combine, 
in omer to make up for the leas, Thus living tissues are ever on 
the point of destruction, which can only be warded off by the 
timely reconstruction of their chemical ingredients by suitable fresh 
materials, This reconatruction by means of fresh matter from with- 
out is called cesimilation, and forms the most, if not the only, sutis- 
factory criterion by which adequately to distinguish living beings 
from inorganic matters, 

The whole object of all these chemical processes is to supply suit- 
able freah materials to the various textures for their assimilation, 
‘This will be found to form a great part of physiological study. Far- 
ther, the energy manifested in the living activity of the textures 
depends upon the various oxilising processes, and the exact laws which 
govern these combustions, aml the remlts they give rise to in the 
‘various tiames, practically make up the other part of physiology, 

&. Verau Paxxomxna.—The eo-called vital phenomena which take 

ace in the textures of onganiame aro, for the most part, performed 

the agency of the living cell-clements, in which we can re- 
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cognise independent manifestations of life, auch as the response to 
stimuli, motion, nutrition, growth, &e. The living activity of 
corganiams requires for its perfect development certain external con- 
ditions, namely, a certain degree of warmth and moisture, Without 
heat and moisture the chemical interchanges just mentioned cannot 
go on, and the organiam is either destroyed or remains in a atate of 
inactivity. 

‘The nutrition of the animal body which is accomplished by means 
of the processes of assimilation already mentioned enables it to grow, 
and, up to a certain point, increase in size, and further to undergo 
many changes in form and texture. There is, however, a limit to 
this assimilatiye power : nutrition loses in activity, growth gradually 
stops, and after a time decay appears and is followed by death, 

‘Thus organisms exist only for a limited period of time, during 
which their size, form, and functional activity are constantly under- 
going some alteration dependent on the incessant changes in their 
molecular conatraction, 

This cycle of changes through which onganistas pass we «peak of 
as their life-time, During this life-time, at the period when their 
funetional activity is at its height, they possess the remarkable 
faculty of producing individuals like themselves. 

‘This ix accomplished by setting apart a cell which, under favourable 

asstimes special powers of growth, increases in size by 
the rapid formation of new cells, and developes into an independent 
living unit. In time it arrives at maturity, and becomes like its 
parent, and then poses through the same cycle—by its power of 
amimilation it grows to maturity, reproduces its like, decay, and 
lies, 





CHAPTER If. 
GENERAL VIEW OF THE STRUCTURAL CHARACTERS OV ANIMAL 
ORGANISMS, 
Tae parts played in Physiology by cells are sv many and 80 


important that it is necessary at 
cf 





Fig, 1,—Celle from the root of w plant, 
(660,) 


tap waits [need with yovtplan 


and containing nucleus (»), evd wii 


the very outset to consider theit 
properties somewhat in detail 

‘The demonstration of the cel- 
lular structure of plants was first 
made in 1832 by « distinguished 
German botanist named Schtie- 
den, who considered the cells to 
he characteristic of plant tisue, 
A few years later Schwann 
showed that the animal tismes 
were also made up of cella 
thongh not so completely, and 
that they owed their origin and 
development to cell elements, 
Thus originated the cellular 
theory, which, with some modi- 
fication, is now the tusis of all 
physiological enquiry. 

‘The first idea which was con- 
veyed by the term cell varied 
much from that which we now 
accept as a proper definition of 
such an organic unit. 

Vegetable cells being the firet 
discovered were taken aa the 
type of all, The main churao- 
teristics of these may he brieily 
eummel up. Firstly, a mem- 
Drunous mic called the eel! wall, 
generally very well defined, and 
secondly, within the eell wall 
various cell content, Among 
the more conspicuous portion of 
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the latter may be mentioned the (1) nucleus, which lies in a soft, 
clear, jelly-like substance called protoplasm, and (2) certain cavities 
called vacuoles, which are filled with « clear fluid or “cell sap.” 

Farther investigation of the life history of cella, particularly in 
the early stages of their development, showed that the cell wall, which 
played so important a part in the original conception of a cell was 
not always present, but was formed by the protoplaam in the later 
stage of growth, The cell sup and other matters were found less 
commonly present, and appeared still later in the life-time of the 
vegetable cell ; hence it was concluded that they were the outcome 
of changes dae to the activity of the protoplasm, and that this latter 
was the only real essential und vital part of the cell. 





‘Pig. 2—Dingran of wnimal 
call (ovum), (Gegenbauer. 
@, Granular protoplasm. Pig. 3.—Liver ool! of man, containing fat globules 
A ae (0) and biliary matters. (Cadiat.) 
‘4 3 


Subsequently, from the fact that some vegetable cells in the 
youngest and most active stage of their growth have no limiting wall, 
and that most animal cells have none during any part of their life, it 
‘was proposed to define a cell as a mass of protoplasm containing a 
nucleus But further research showed that the nucleus was not 
always present. In many cryptogamic plants no nucleus can be 
found, and in come animal celle, which must be regarded as independent 
individuals (Protamaba), there is no nucleus at any part of ite life- 
time. ‘This would lead us to supposo that a mass of protoplasm 
capable of manifesting all the phenomena of life would be a sufficient 
definition. Though this is probably correct in a few cases, the vast 
‘majority of cella do contain nuclei. As it is diffienlt to divest our 
mindsof the connexion between the two, it hax been proposed to give 
the name cylore to the non-nucleated forme, which certainly are very 

|, reserving the term erll for the common nucleated unit. 
Each part of the coll may now be considered in the onder of its 
importance, vit, protoplasm, nucleus, cell wall, and cell contents, 
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I, Prorortaas is a colourless, palo, milky, semi-tranelucent sub- 
stance, more or less altered in appearmnce by various foreign matters 
which lie in it, ‘These latter also give it « granular appearance, and 
when dead it commonly exhibits a linear marking or fine network. 
During life its consistence is nearly fluid, varying with the circum- 
stances in which it is placed, from that of a gum solution to a soft 
jelly, When living unmolested in its normal medium it seems to flow 
into various shapes, but this is « living action which does not prove 
it to be diffluent, for any attempt to investigate it by experiment 
‘causes a change in its consistence approaching to rigidity. 

As the full comprehension of the function of this substance lies at 
the root of the greater part of Physiology, the reader is referred for a 
detailed account of its properties to Chapter ILL on Vital Phenomena, 
where it will be discussed at greater length, 

IL. Tax Nvoneve— Most independent masses of protoplasm, and 
all highly orgunized cells, contain one or more nuclei in their aub- 
Hance. The nucleus is in a greater or less degrve sharply divided Lad 
from the surrounding) protoplasm, Its presence can 
made much more conspicuous by treating the cell with foe 
chemical re-agents, notably dilute acids and certain dye The 
nucleus is, in the former case, able to resist the action of dilute acetic 
acid for a much greater length of time thin the remainder of the 
cell, 40 that it stands out clearly, while the rest becomes quite trina. 
parent. In the latter case, magenta (one of the aniline dyes) stains 
the nucleus sooner and deeper than the protoplasm. Although it 
has been accredited with special independent movements, it. may 
safely be said that in comparison with the protoplasm it is not very 
contractile, Yet it appears to be intimately associated with the vital 
phenomena of the cell, and may be said to control or initiate the 
most important activities of the cell, namely, its division. The 
amall size of the nucleus adds greatly to the difficulty of investigating 
its functions, and much remains to be made out concerning both 
its structure and properties, although recently considerable progress 
has been made in this direction. 

TU, Tax Cetin Watt,—It bas already been stated that the most 
wetive form-elements, such as the cells in the earliest stages in the 
Life of an organism (embryonic cells), have no enclosing membrane or 
coll wall, But in the moro advanced stages of cell life we find this 
second form of protoplasmic differentiation to be common enough, In 
animal cells the limiting membrane has never the same import- 
ance as the cell wall in vegetable tissues, where some of the 
principal textures may be traced to a direct movlification of the cell 


ee 
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wall, still recognisable as such. Whenever such « limiting membrane 
does exist, it is always formed by the outer layers of protoplasm under- 
going changes 80 ax to become of greater consistence. In the animal 
tissees the protopla«mic units form various structures, which, how- 
ever, do not hold the relation to them of limiting membranes, but 
rather give the idea of lying between the cella. Hence, in one large 
group of tissues, they have been called intercellular substance, while in 
others they appear as materials specially modified for the furtherance 
of the functions of the special tiksues. 


TV. Cen, Cowrenrs.—Regnrding protoplasm as the essential 
living part of the cell, under this heading will come only those 
‘extraneous matters which are the outeome of protoplasmic activity. 

‘The cell contents which are present with such constancy and in 
auch variety in vegetable cells, form in them an all-important part ; 
but in most animal cells the contents do not occupy such a 

No doubt animal protoplasm is quite as capable as that of vege- 
tables of making out of its own substance, or the nutriment supplied 
to it, a great variety of materials, 
but these are seldom stored in 
such large quantities in animal 
cells asin those of plants, 

In the cells of some kinds of 
animal textures, particularly that 
called Connective Tiseue, we 
commonly find large quantities 
of fat formed and accumulated 
‘to such « degree in the cell that 
the protoplasm can be no longer 
sie i such. Its remnant from connective tissue 
is to forming a limi- ‘taining lange fat globule («), and 


wad ue 
ting membrane for the fatty Pm ao Ta 


contents, o that the cell is con- 
verted into an oil vesicle, and here certainly what may be termed 
the contents become the most important part of the cell, In various 
cells also, us will be seen hereafter, different substances are 
made and stored up temporarily in the protoplasm, and these can be 
geen as bright refmeting granules, and are subsequently discharged 
in the secretion of the gland. 
In other cells again (liver) nutrient material allied to starch may be 
Aeposited in considerable quantity, just as starch is stored in certain 
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cells of a plant, but owing to the greater and more constant 
ectivity of animals, the amount laid by never attains anything like 
that found in the store textures of vegetables, where the result of 
an entire summer's active work is put by as a provision for the 
next winter, and the fresh burst of energy which follows it in the 
spring, 

But while the above are all more or less temporary contents of cells, 
we have an example of « permanent deposit in them, viz, Pigment, 
this substance is formed by the protoplaam in various parts and 
hus a special physiological use. ‘Thus in the cells of the tissue behind 
the retina—or nerve layer of the eye-bull—the cells are filled with 
a number of granules composed of a substance very rich in carbow, 
which when in a suiticiently thick layer is able completely to absorb 
any light that may fall upon it, thus preventing the ruflections that 
would otherwise occur, and whieh would interfere with the clearness 
of sight. 

Italso oceurs in the ekin of the negro and other races and in that 
of the frog and other animals, but in these its function is not fully 
known, 

Vaureries or Crita—Great varieties of cells are found in the 
various mature tissues of the higher animals, all of which have pasted 
through the stage of being a simple nucleated mass of protoplasm in 
the carlier periods of their development and differentiation. All 
cells may then be divided into two chief types, the indifferent and 
the differentiated. 





Fig, 5.—‘Trmuwverse section of Blastoorm, showing the elements in the earlier 
stage of the development. A, epiblast ; B, mesoblast ; C, hypoblaat, 

Under the eategory of indifferent celle may be placed all much as 
retain the characters of the first embryonic cel! and have not acquired 
any «pecial structure or property by which they can be distinguished 
from the simplest form. Such cella are the only ones in the early 
stages of the embryo, In the adult tismes they also occur having 
various duties to perform. ‘They are mainly found in the adult in the 
blood and lymph, and scattered throughout the tisses, and are 
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without a cell wall, and have no special contents to mark their 


fanction. 
‘Among the differentiated celle we find many special charters, 
ing them to certain special duties, for all these cella are 
modified from the original type and applied to the performance of 
some special function, 

Space prevents even a short enumeration of the varieties of cells 
mot with in the tissues of plants, where they carry on all the active 
function of the organism os well as form the firm supporting 
structures. 

‘The differentiation of a cell is accomplished by its own protoplasm, 
which forms new structural parts and sometimes seems to diminish 
in quantity until finally an element is produced in which there is no 
longer any protoplasm recognizable. 

‘We find then matured and differentiated cells which vary— 

1. In shape, being spherical, flattened, fusiform, ntellate, de, 

2. In size, becoming smaller or larger, 

3. In their mode of connection, becoming attached in one 
way or another to neighbouring cells or structures, 


Cells may also be classified according to their function, «g., 
Glandular, Nervous, &¢., and the greater portion of the following 
pages will be devoted to the functions of these vurious forms of 
cella, 

So long us a cell remains in ita indifferent stage it possesses the 
properties of onlinary protoplasm only. But by its further dovelop- 
eee apecial properties not common to all protoplasm. 

‘These properties may or may not be accompanied by structural 
ebange. ‘Thus the protoplasm of a gland cell differs in little from that 
of any other cell except in the capabilities of its nutritive changes 
‘and its chemical products; while on the other hand, those epithelial 
cells which form the outer layer of the skin lose completely 
protoplasmic charucters and are profoundly modified in 


A 


Moprrteations or Ontornat. Ceri—Tissves.—In the preceding 
pages the special characters of asingle cell have been dwelt on, and it 
has also been seen that a cell may become changed from its original 
form in onler to fit it more perfectly for some special purpose. But 
it is necessary to consider this latter fact more fully in order to 
understand the relation of the various tissues of the adult body to 
each other. 
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‘The first stage in the existence of any onganiam, from the simplest 
form of plant to man, is composed of a single cell (in animals called 
the ovum or egz), which differs in no essential points of structure 
from an ordinary cell. 

‘There is moreover a class of organisms which never goca beyond 
oo one-celled stage, and the individuals pass their entire life-time 

in the state of a simple unicel- 


lular organism. This group, called 
Protista, though insignificant in 
point of its size, may vie with 
the higher plants and animals 
in number, apecica, and variety of 


form, «0 that they might well be 

Unicel cepuniem. Smut Placed ina kingdom by themselves 
weak ramocba, (Cadiat,) (as has been proposed) apart from 
the vegetable and animal kingdoms, 

The group of these organisms which most resemble animals, is 
called Protesow, and ix divided from other animal forma by the 
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manner of development of the ovum of the latter, which differen~ 
tiates by division into cell, This group is called the Metazoa. In 
the Protozoa the ovam never divides, the animal always remaining a 


vingle coll. 
‘On the contmry, the ovum of the Metazoa changes its chanicters 


during ite development, At first possessing a stage common to both 
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divisions, viz, a single cell, it soon passes through rapid stages 
of cell proliferation, and is converted into a multiple :mass, the 
mulberry stage or Morula, 

‘The cells forming this Morula stage work towards the periphery of 
the macs, where they tend to arrange themselves in two layers, at the 
same time forming a cavity in the centre. This is known as the 
Gastrula stage, Following then this cell multiplication or quanti- 
tative differentiation, we find a qualitative differentiation of the 
cells, by which certain groups of cells assume. 
special he one fitting them for some 
specitic duty. 

‘Thus we arrive at the production of spe- 
cial textures and organs such as are met 
with in the higher animals, and which are 
necessary for the efficient dischanze of the 
various functions carried on during their 
lives. The division of the original mass of 
indifferent cells into two layers of special 
cells is the first step towards tissue differen- 
tiation, and in some animals is the only one 
arrived at in their entire life history, 
throughout which they remain a simple sac is 
made up of an external layer, Zetoderm, and akg Lead 
an. internal layer, Endoderm, layer, («) Mouth, (6) en= 

‘The groups or layers of cells forming the ——terie curity. (4) coto- 
outer and inner layers of this stage of deve. — ™ (endoderm, 
Jopment, not only form the primitive tissues, 
but they aleo represent the first appearance of ongana or parts with a 
specific function. The external or ectodermic layer is the sup- 
porting, protecting, motor, and respiratory organ, while the inner or 
endodermic layer is devoted toa primitive form of digestion, preparing 
the food for wsimilation, and generally presiding over the nutrition 
of the body, 

this ec-like (Gastrula) stage is aupposed to have 
formed a step in the life history of nearly all animals, yet it forms 
ales striking part in the development of the individuals as we 
ascend the scale, and in the higher animals no such stage has been 
secognieed. In the Vertebrates, the germ cells derived from the 
ovum are from an early period divided into three distinct layers, 
‘ving to the layers which correspond to the Ectoder and Endodermof 
the lower organiams, forming between them a third layer or Mesoblast, 

‘From these germinal layers all the organs and tissues of the boly 
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are subsequently evolved. In embryological language the three 
primitive layers are called epi-, meso-, and hypoblast, 





Pig, 9. Transverse section of blastoderm af rhick. 
‘A. Byiblast, IK, Mewoblast, €, Hypoblast, yr. Pritnitive groove, 


‘Thus it can be seen that, as we can compare the primitive uni- 
cellular state of the lowest animals with the first egg-cell stage of 
existence of the highest animals, xo we can compare all the stops of 
tissue and organ differentiation as we trace them in the embryo of a 
mammal, with the steps of elaboration in organic and textural parts 
that we find in ascending the scale of animal life, 

‘The history then of the development of any mammal from a 
single cell or egg to the eomplex adult individual, is strictly analogons 
with the more protmeted history of the evolution of the animal 
kingdom from the Protista upwards, 

It is impossible to separate the differentiation of tissues and organs, 
or to say which is of older date in the history of animal evolution. 
Even in unicellular animals, where we have no trace of theue difference 
(Paramecinm, Vorticella, there being only one cell), we have a distinet 
foreshadowing of organ and functional differentiation (vide Chapter 
TIL), And in creatures made of many parts, the same cells have 
several duties to perform. But when an aggregation of cell units exists, 
it may be said that a tissue is formed, If these cells be indifferent, 
that is, have no special characteristic, then the tissue may be called 
primitiveorembryonic, But, as has just been stated, the aggregation of 
embryonic eells—in the higher forms of life—have special chamneters 
from the very first, which mark them off from one another ax des 
tined for different functions. 

‘The middle germ layer (mesoblast) is derived from the upper (epl- 
‘dinst) aml lower (hypoblast), the part contributed by each being doubt- 
ful, From the firnt the middle layer has distinctive charncteriatios, and 
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ultimately gives rive to a set of tiesues which can always be distin- 
guished from those which originate from the upper «nd lower 
layers, 

‘From the inner and outer germ layers are formed several layers of 
tissues, which, in a more or less perfect degree, retain the activity of 
the original protoplasm, and hence may be called active tissues, 
From the middte germinal layer is developed a set of textures, in 
the majority of which the protoplasinic elements are reduced 
to a minimum, and are therefore grouped together as supporting 
ticanes, 

‘The tismes formed in the adult may be classified into four 
groupe -— 

1, Epithelial Tissues, The primitive surface tissues of the outer 
and inner germ layers, which are variously modified for 
several distinct duties. 

2, Nerve Tissues, Springing from the former, are modified for 
receiving, conducting, controlling, aud distributing im- 


3. Muscle or Contractile Tiseuer, In close relation to both the 
previous and the next groups. 

4. Connective Tissues formed only from the middle germ layer. 
‘They are much modified in different parts, 10 us to give shape 
to the body, and to support and hold the various organs and 
parts firmly together, They are in fact the materials used 
in the general body architecture. 


Eprrsentat Tissue, although the oldeat kind of tissue both in 
the animal series'and in the germinal layers, retains the embryonic 
character of being entirely composed of cells placed in close relation- 
ship to each other on the internal and external surfaces of the body. 
The i cells, moreover, retain the embryonic character in 
form and function, being soft rounded masses of protoplasm, only 
altered in shape by the pressure of their neighbours. The cells which 
Ve next the nutrient vessels of the mesoblast, are endowed with 
energetic powers of growth and reproduction. Aa the young cells 
are produced they take the place of the parent cell, whose future life- 
history determines the special characters of the different kinds of 
tissues, 


Sometimes the cells are retained, a4 in the «kin, and are arranged 
in soveral layers, ono over the other. As the cells are conveyed from 
the deeper layer, where they take their origin, towards the surface, 
the efforts of the waning nutritive power of the protoplasm are eave 
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to the manufacture of a tough insoluble substance. The cells thus 
gradually lose their vital activities, and are converted into horny 





. 10, —Beetbon of the eplierss of the Aoowing the: 
= hysdalvessnitdeiiden (ail 


material which is poured out of the cell at certain periods. 
‘Thus we have another great function performed by the epithelial 
tise, namely, that of manufacturing certain materials whieh, being 
collected by suitable channels, appear as secretions, 
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‘The active elements of glandular tiseue are epithelial cells whose 
‘nutrition seems to lead to the formation of specific chemical pro- 





‘Fig. 12.—Beotion of milk gland of 





cat, showing seoreting cells oan~ 
Ple- 1.-Thyo cals of ealyepthalom from {itldog lat psbeiee and som 
‘the innide of the cheek, (Ranvier.) scoration in alveoli. 


ducts within their protoplasm. These products pass out commonly 
as fluids, and form various substances of great importance in the 





Pig: 


Cate epithe cells Fig, 14.—Stratied elated epithelial cals trom tho 
from the gills of mumel. trachea of man. (Cadiat,) 
(Cadiony @, Lange murfaco cells, with eflia on aurtace. 
+. Lower cells in earlier stago of development. 
Goll charged with mucus, 


A gland then is simply a special arrangement of epithelial 
generally lining the secs or tubes into which the secretion is 


Ha 


62 


i 


| 





20 MANUAL OF PHYSIOLOGY. 


‘The covering of epitheliam is in various places found to be modi- 
fied in different ways, so ns to suit it for the special part in which it 
is placed. Some tracts are covered 
with fine moving hair-like 
ceases, called cilia, which give rise 
toa slight motion of the fluids in 
contact with them. 

Other differences will be given 
in detail with the description of the 
suties ot many mucous =a 

most striking, and atthe 

i can ste. ime the tet irating 

woblet-lilee celle, (Cadint,) modifications are those in the 

special sense organs, where the 

cells are in immediate connection with nerves, and aid in forming 
the special nerve terminala* 


Nenve Tisace.—The great nervous centres are formed from 
certain colls of the outer germinal layer, which, in the earliest 
of the embryo, dip in as a furrow, and are gradually cut off from the 
parent tisue by the rapid growth of the middle germ-layer, In 
looking for special conducting 
tissue in animals possesting the 
most simple structure, we find 
cells which would seem to pos- 
tess certainly a two-fold, and 
possibly a three-fold function,— 
one of which is conduction. In 
the so-called “ neuro-mnusealar” 
cells of the hydm, processes are described as found to piss off from 
them, and to unite beneath the ectoderm with other fibre-like processes, 
which are eminently contractile. Here we find for the first time a 
portion of protoplasm rpecially devoted to acting a8 a conductor of 
impulses, and attached by the one end to a contractile fibre, and by 
the other to a wurface (sensory) cell. The intimate relation between 
the development of nerve and muscle fibres is thus established, and 
we have the first attempt at a nerve mechanism, viz, a cell capable 
of receiving impressions, and a fibre capable of transmitting the results 
of these stimuli, As further differentiation proceeds, each of these 
parts becomes more distinet from the other, and ultimately the adult 


* A taller account of the Tistology of these tevoes will te found in the chapters 
epectally devoted to teres waters 
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nerve tissue is found to be made up of nerve or ganglion cella, 
nerve fibres, and special nerve endings. The fibres commonly 
act as lines of communication between 

two cells: they connect together the 

numerous cells in the varions parts of 

the brain and spinal cord, or pass between ee C 

the cells of these central nerve organs §, 
and special cells situated throughout the 


body, which might be called the peri- \, » —2~ 
pheral nerve organs. 
‘The simplest idea then of a special Wig. 17. 


nerve apparatus is a fibre connecting two g, sensory receiving 

cells. ‘The peripheral cell may be a re: "with attached afornt 
living organ 17, 8), from which, — gungilon. 
when Suapileg impulses are transmitted Lal ghaa 

along the fibre to the central nerve cell, _™/ Peripher orgun snd effe- 
where they give riee to certain impressions, 

snd 80 we have a sensory nerve apparatus, Or the central nerve 
cell may be the receiving agent, getting stimuli from its central 
neighbours, and transmitting im- 

pulees to a peripheral nerve ter- 
minal, by which the energy is, as 

it were, handed over toa muscle (s1) 

or gland, and so we have a simple 

motor or secretory apparatus N. 
Where the effect of « stimulus can 

be definitely traced from one nerve 

cell to another, and from thence by 

a necond fibre to a third cell, the 
impulse ia said to be reflected by 

the second cell to the third. And 

there we have what is called a 





‘The ereential part of a nerve 
fibre is a kind of protoplasmic 
band, in which the finest fibrilla or rig. 18.—Three medullated narve filmes, 
thread-like marking can be made tho medullary sheath of which is 
out with the aid of reagents and a agua’ ark with — 
 Saiperar ae ‘This is called Two non-medulinted nerve fibres, with 

In some nerve lel fa the primitive sheath, 

protien tary the brain and spinal cord) the axis-cylinder is naked, 
and even, a single fibrilla may #0 pass from one cell to another in the 
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brain matter. In other parts the axis cylinder is generally covered 
by a thin membrane, called the primitive aheath, or with a soft oil-like 





Pig. 19,—Multipolar cells from the anterior grey column of the spinal con! of 
the dogfish (2) tying in « texture of fibrils; (9) prolongation from oeltes 
(@) nerve-fibres cut across, (Cadint.) 
substance, called the medullary sheath, or, a8 is commonly the case in 
all peripheral nerves, by both. The primitive sheath encloses the 
medullary sheath, which surrounds the axis-cylinder, 





29.—Onngon volts ot frog, show- Pig. 13.—Cells from pathetic ganglion 
ve Samiti unt Senl'nen da os The clase pretplaan han 
(After Beale weit Arwold). brivelled here wnd there from the cell wall. 
‘These fibres aro mace of peculiarly modified celle, which are, however, 
so clongated as not to be very easily recognised as such in adult tissue. 
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‘The nerve or ganglion cells vary extremely in general form and size, 
‘The commonest in the nerve centres are large bodies with a clear 
well-defined single nucleus, and distinct nucleolus; they commonly 
have two or more processes, which are connected by nerve fibres to 
other cells, and to the axis-cylinder of nerves, This latter does not 
branch a8 the other processes sometimes do, and when it can be 
traced, appears to enter the protoplasm, running towards the 
nucleus, 

‘The peripheral nerve cella are generally much modified, and often 
small compared with those in the centres. Besides the cella in the 
#poradic ganglia, which are lange rounded corpuscles with but few 
processes—there ars many other bodies connected with the peri- 
pheral nerves which cannot be called ganglion corpuscles. They are, 
however, nevertheless nerve cella. 


Moseres on Coxrracrize Trasves.—When changes take place 
in protoplasm adapting it specially for contraction, it is termed muscle 
tleme. The large masses of this tissue attached to the skeleton #0 as 
to move its various parts, form the flesh of the higher animals. 
Muscle tissue is, almost invariably, connected with nerve tissue, and 
acts in response to stimuli communicated from the nerves. In some 
of the lower animals the two tissues are so intimately related that it 
is not easy to separate them, and the development of both progresses 
equally ax we ascend the scale of animal life. They are nearly 
related in their origin, or even spring from the same primitive 
tissue. In fact, as hos already been mentioned (vide p. 20), they 
form but one structure in some of the more simple and less diffe- 
rentisted animals, The neuro-muscular tissue which is formed from 
the outer layer of the embryo, is the forerunner of the muscles as 
well as of the nerves of the embryo of the higher animals, 

In the higher animals and man muscle tissue consists of two dis- 
tinct kinds of textures, commonly spoken of as— 


m Smooth or non-striated muscle. 
Db, Striated muscle. 

In the smooth muscle the individual elements present all the 
characters of a cell, but very much elongated and flattened, and con- 
tain s single long nucleus, They contract very slowly and persis- 
tently and require a comparatively long time for the nerve influence 
to affect them, so that an obvious interval exists between the 
moment of their stimulation and their contraction, They are there- 
fore commonly found in the internal organs and in situations where 
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gradual and lasting contractions are required. They receive their 
nervous supply generally from the sympathetic system, and perform 





Fig. £8.—Two fibres of striated mus- 
Fig. 22,—Celle of amocth muscle tiame from” do, in which the contractile 
‘the ietontinal tract of rabbit, (Banvier.) pf 
‘Acne B—Minclo cesta which diterentiation fe} and (i); (p) space adr 
‘Of the protoplasm oxn be well sons, (Bebifer,) maroolemima, (Itanvier, 
their duty without our being conscious of their activity or being able 
‘to eomtrol it by our will. 
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‘Striated muscle tissue is made up of cylindrical fibres of such length 
that both extremities cannot be brought into the field of the microscope 
at the same time, Their exact relation to cells is not so easily made 
out as in smooth muscle, and doubtless varies in different muscles. 
Sometimes the fibres are made up of single cella, and in other casee 
they are formed by the permanent fusion of several cell elements 
which never differentiate into separate elements, owing to the im- 
perfect division of the cells, but make up one mass, the multiple nuclei 
of which alone make its mode of origin apparent. The contractile 
substance is made up of two kinds of material, one of which refracts 
light singly, while the other is doubly refracting. These are minged 
alternately across the fibre, making the transverse markings or strim 
from which it gets its name. This striated material is quite soft and 
‘is encased in a thin homogencous elastic sheath called sarcolemma, 
which keeps the fibre in its normal shape. 

‘This form of muscle may be considered the widest departure 
from the primitive protoplasmic type imparting to it contractility. 
It moves with wonderful rapidity, contracting almost the instant its 
nerve is stimulated, 1t forms the great mass of the quick-acting 
skeletal muscles, being attached to the bones by bands composed 
of a form of fibrous connective tissue, which form the tendons and 
fascim, Muscles made of striated tissue are commonly under the 
control of the will, and hence are frequently spoken of as voluntary 
muscles, but this term is misleading, for many striated muscles are 
not governed by voluntary control, 


Tue Coxxecrive Trsvm group, coming exclusively from the 
middle germinal layer, exhibits very great varieties of form. Its 
cells differ much from the epithelial cells both in their character and 
their relations, and particularly in the adult tissues. 

‘Under the heading Connective Tissues are generally classed all 
those which support the frame and hold together the various other 
tissues and organ =They are— 

1. Mucous and retiform connective tissue. 
& White and yellow fibrous tissue, 
3. Cartilage. 


4. Bone—as well as certain modificutions of these types. 


‘The cells of all these tissues have the property of manufacturing 
some material which however does not generally enclose them a8 & 
cell wall, but remains between the cells and forms the intercellular 
substance. The younger the tissue the greater is the proportion of 
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its cell constituents, and the older the issue the greater will be found 
the preponderance of the intercellular substance. 

Mvoovs Tissun.—In certain parts of the embryo and in some of the 
lower animals a kind of connective tissue is found in which there is 
but little intercellular substance, the mass of the tissue being thus 
made up of cells. This cellular connective tissue never forms an 
important texture in the adult man, but is interesting as the probable 
tissue from which all the connective tissues are formed in the 
embryo, and oa occurring in abnormal growths or tumours. 

‘The first step in differentiation is the secretion of a large quantity 
of soft homogencous, semi-gelatinous or fluid material like the mucus 
secrotod by epithelium. In this the cells lie, either free or united by 





Re Seer Sad Sete, rk tara rie 
pope i ; ae + 


Jong protoplasmic processes. This isthe mucous tiseue common in the 
lower animals, in textures of the embryo in the adult and in patholo- 
gical growths of the connective tissue type. The processes uniting 
the cells may not be present, and the cells may be reduced to a 
minimum, as occurs in the vitreous bumour of the eye. But more 
commonly the eoft gelatinous substance ia reduced in anwunt, and the 
processes connecting the cells are converted into a dense network of 
delicate threads to form the retiform tissue of lymphoid structures, 
Frnovs Trsscx,—The cells may become further differentiated 
and fibrillated, When the thickness of the cell processes is great, 
and their fibrillation well marked, the cells appear to devote all their 
reproductive energy to the formation of this fibrillated substance 
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which ultimately forms the great bulk of the tisme, while the cella 
become gradually and proportionately. fewer in number. In this 
case only sufficient of the mucous substance generally remains to 
cement the fibrils together into bundles, A fow of the cells, however, 





‘Fig. 25,—Cells of mucous temo with branching processes (13) and a couple of elastic 
fibres (FP). (Banvier.) 





‘Fig. 25.—Portion of tendon from the tailof a young rat, stained with gold chloride, 
showing arrangement of flattened cells on bundles of fibrils. (After Klein.) 


remain between the bundles of fibrils to preside over the nutrition of 
the tissue, Thus is formed the non-elastic or white fibrous tissue of 
tendon. 
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the cement and ren- 
ders them casily 
separable. They 
swell and dissolve 
in boiling water 
yielding — gelatine, 
which forms a jelly 
‘on cooling. 

Tn some parte of 
the body, however, 
a different kind or 
intercellular — sub- 
highly elastic, doos not give gelatine on 


of 
stance is formed, which fs 
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boiling, and is not affected by weak acids or alkalies This is 
spoken of as Vellow elastic tieeue. It ia sometimes found alone form- 


pedo elastic band or ligament, but 

mingled with fibril- 
Jar Sara t0 form the common con- 
necting medium which lies under 
the skin and ‘between the various 
other textures, 


In Cartmaor the intercellular 
substance secreted by the cells is 
hard, and forms in the earlier stages 
of its development cases or cell 
walls for the cells, These cases 
subsequently increase in thickness, 
and become fused together into a ho» 
mogencous intercellular substance, 
where ultimately the capsules belong- 
Seale Sade os kn oats 

jed from one another, so 
Hebinits wiak tines date ues 
to be a tough matrix of intercellular 





the number of coll clements, 
‘Which are arranged in rows. 


substance, in which the cells are scattered, apparently occupying 
small cayities. These celle, which are the remote offspring of 
those which formed the tissue permanently, preside over its nutrition, 





1, —Blastio Ghro-cartilage, sho 
Se eel dass Sieve sie 


Foal 1 Thal 


‘The intercellular substance, which is quite ay in common 
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hyaline cartilage, is sometimes modified 0 as to resemble fibrous 
tissue, sometimes the fibrillar, and sometimes the elastic form being 


produced. (Figs, 31 and 32.) 





im é 
Pig. 82 —White fibro-cartilag, showing cells (o) in capwules and, AbedTlar 
matzix (6), (Cadiat.) 
Boxr is probably the most advanced differontiation of the 
connective tissue 
group. The inter 
cellular substance 
is charuoterised by 
containing a great 
quantity of earthy 
or inorganic matter, 
which gives" the 
tiene ite enormous 
strength It is, 
moreover, —every- 
where traversed by 
the processes of the 
cells lying in little 
canals (canaliculi), 
which connect the 
spaces (lacunm) in 
which the proto- 
plasmic bone cells 
sojourn, 
Mere an of nr, Maren the formation 
arranged around Ut in laewwr, whieh are connected by Of bone from fibrous 
the delicate emetic! (Cemdiat, ) or cartilaginous 
tise the original 
intercellular substance disappears, and a set of cells with new 
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Fig. %.—Beetion through omifying cartilage and newly-formed bone, (Cadiat.) { 


- Developing cartilage cells. ¢, Blood corpuscles, 
4, Degenerating cartilage cells. JF. Osteodlante 
. Gell apace, empty. ‘g. Ditto of periosteum. 


<4. Sploalm of exloareous deposit. ’, Bone cells, 
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formative powers come upon the field (Fig. 34). These new cells 
(osteoblasts) cover the growing surface of the bone and secrete and 
lay down in layers a new kind of intercellular substance, which is the 
bone matrix. Here and there at wonderfully regular intervals an 
osteoblast ceases to secrete the calcarcous intercellular substance, 
while its neighbours continue formative activity. Consequently, this 
osteoblast, or as it may now be called young bone cell, becomes sur- 
rounded by calcareous intercellular substance, and is thus perma- 
nently lodged in the bone tissue. 

‘The Vascunar Sysrea is developed in the middle germinal layer 
with the earliest stages of the connective tissue. The blood vessels, 
which are chiefly made up of connective tismes, soon traverse all the 
parts of the body, and distribute the nutrient fluid or blood. And 
even the blood may be considered as an outcome of the connective 
tissues, aince the cells of the blood are at first formed from the meso- 
blast, and later from the connective tissue corpuscles. 

An arrangement of special cella, such as epithelial or muscle cells, 
with a special function, constitutes an organ. However, in the higher 
animals and man an organ is almost invariably a complex structure, 
having various tissues entering into its construction, Thus a 
akeletal muscle ia made up of a quantity of muscle fibres held to- 
gether by sheets of connective tissue, and attached to bones by con- 
necting bands, It is further traversed by many blood vessels, and 
the fibres are in immediate relation to certain nerves which termi- 
nate in them. The various secreting organs are made up of epithelial 
alg SO seeetice iy ecachive Hise apes cicenieten ade 
‘vessels and nerves, and are so arranged that they pour their secretion 
into a duct. The bones, which are the ongans which give the body 
support, contain in nddition to the bone tise of which they are 
composed, a great quantity of indifferent cells, fat cells, nerves and 
blood vessels. They are covered on the outside with a tough vascular 
coat, which gives them strength, assists their nutritive repair and 
reproduction, and acts asa point of attachment for the muscles and 
ligamenta. Where the bones are in immediate relation at the joints, 
they are commonly tipped with cartilage. 

If, then, we analyse anatomically the architecture of the human 
holy, we shall tind that it is made up of a number of complex parts, 
each adapted to some special function, and composed of such an asso 
ciation of the simple tissues as the special part demands, 

‘The gencral arrangement of these organs and their modes of action 
will be discussed ina future chapter. 


CHAPTER III. 
CHEMICAL BASIS OF THE BODY. 


Ir seems natural to commence the description of the molecular 
changes that take place in the various tissues and organs of the body, 
with a brief account of the chemical composition of the most cha- 
acteristic substances found in animal textures, because none of the 
mysterious processes of cell life, or tissue activity, can be satisfactorily 
studied without familiarity with the more common terms occurring 
in physiological chemistry. 

‘The chapter on this subject here introduced, is intended rather to 
give the medical student a general view of the chemical composi- 
tion and characters of those substances most frequently met with in the 
chemical changes specially connected with animal life, than to supply 
complete or systematic account of the relationships of the chemical 
Thases of the body, for which reference must be made to more advanced. 
text books, or treatises on the special subject of physiological 
chemistry. This reviow must moreover be inadequate in the case of 
many bodies, but they will be again referred to when speaking of the 
fanction with which they are associated, 

Tt has already been stated that of the sixty-three elements known 
to chemists, u comparatively small number form the great bulk of 
the animal body, althongh traces of many are constantly present. 
‘Thus, we shall see that four elements, namely, (1) oxygen, (2) carbon, 
(3) hydrogen, (4) nitrogen, are present in large proportions in every 
tiene, and together make up about 97 per cent. of the body; and 
sulphur, phosphorus, chlorine, fluorine, silicon, potassium, sodium, 
magnesium, calcium and iron, aro indispensable to the economy, and 
are widely distributed, but are found in comparatively minute quan- 
tities, Oveasionally traces of zinc, lead, copper, lithium, and other 
minorals may be detected, but these must be regarded rather as acci- 
dental than indispensable ingredients. 

‘The attempt to investignte the composition of a living tissue by 
chemical analysie, must cause its death, and thus alter the arrange- 

» 
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ments of its constituents, so that its true molecular constitution wher 
alive, cannot be determined, 

We know that the composition of all living textarea is extremely 
complicated, every one being made up of a great number of com- 
ponents, most of which contain many chemical clements associated 
together in very complex proportions. 

But as hax already been pointed out, the complexity of their 
chemical constitution isnot 0 wonderfal as another fact which sonnde 
paradoxical, that, in order to preserve their elabomte composition, 
they must constantly undergo a change or renewal, whieh is neces 
sary for, and forms the one essential characteristic of, their life. Tn 
fact, their complexity and instability is such,that they require constant 
reconstruction to make up for the changes inseparable from their 
functional activity. 

‘Their chemical constituents are easily and permanently dissociated, 
and the various components are themselves madily decomposed, 
generally uniting with oxygen to form more stable compounds. 

‘The investigation of the chemical changes, known as assimilation, 
forms a great part of physiological study, and therefore will oceupy 
many chapters of this book. Here we can only call attention to the 
chicf characteristic substances to be found in the animal body, a= 
the result of the primary dissociation or death of the textures, and 
briefly enumerate the products of their further decompesition as 
obtained by the analysis of the different substances. 

‘The tissues of the higher animals present a greater variety of eub= 
stances, materially differing in chemical composition ; they have, 
however, all been mude from protoplasm, and contain a proportion 
of some enbetance forming « leading chemical constituent of proto- 
plan. Every living tissue contains either protoplasmn or a derivative 
of it,and the «pecial characters of each tissue depend upon the 
greater development of some one of these substances. 

Te in of little use to classify the numerous chemical constituents 
found in tho animal body, in such a systematic manner as to satisfy 
the rules of modern chemistry, because their classification from a 
#trictly chemical point of view, does not set forth their physiological 
importance or express in any way the relation they bear to the 
vital phenomena of orgnniams, 

‘The following ennmeration of the chief chemical ingredients found 
in the tiswes has regard to their physiological dignity as well as to 
their chemical construction, and will thus it is hoped anise the 
student to distinguish the different groups, and give him a better idea of 
thoir vital relationships, than a more strictly systematic classification. 
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A, NITROGENOUS, 


I. Complex bodies forming the active portions of all tissnes— 
Plasmata. Z,g., protoplasm, blocd-plasma, 

II. Bodies entering into the formation of, and which can easily 
be obtained by analysis of Group 1, Albumins, £.g,, serum- 
albumin. 

II. Bodies the outcome of differentiation, manufactured in the 
tissues by Group I, Albuminoids. 4.y., gelatin, &c. 

IV. Bodies containing nitrogen, being intermediate, bye, or 
effete producta of tissuc manufacture. Z.g,, lecithin, urea, &e, 





B. NON-NITROGENOUS, 


V. Carbohydrates in which the hydrogen and oxygen exist in 
the proportion found in water, Hy., starch and sugar. 
VI. Hydrocarbons containing oxygen in lest proportions than 
the above. E.gy fats. 
VIL. Salts. 
VILL Water. 
Crass A, NITROGENOUS, 
Group I. Prasmata, 

Under this group may be placed a great variety of materials which 
naiust be acknowledged to oxiet in the living tissues as exalted chemical 
conipounda, of whose chemical constitution, however, we are ignorant, 
since it is altered by the death of the tissue. 

‘There are some exceedingly unstable associations of albuminous 
bodies with other substances, and they at once break up into their 
more stable constituents, dead albumins, fats, sults, &c., as soon as 
they are deprived of the opportunities of chemical interchange and 
assimilation which are necessary for their life. 

Although we can only theorise as to the real chemical constitution 
of such substances, we must believe that they really exist in the 
living tissues as chemical compounds, and, moreover, as chemical 
compounds endowed with special properties which impart the specific 
activity of their textures, whos molecular motions in fact are the 
essence of the life of the tissues, 

Protoplaem : By fax the most widely spread and important of these 
is the soft jelly-like substance, Protoplasm. ‘This is the really active 
part of growing textures of all organisms, whether animal or veye- 


table, and forms the entire mass of those intermediate forms of life, 
pa 
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the protists, which are now generally: as the: fountain 
lend of life on the globe. —- bie” 

‘This material commonly ‘exists in small independent masses (cells), 
im which we can watch all the manifestations of life, assimilation, 
growth, motion, &c., taking place. We must assume that this sub- 
stance is a definite chemical compound ; and, further, bes teeta 
phenomena are exhibited only so long as it preserves its chemical 
integrity, we may conclude that its manifestations of life depend 
upon the sustentation of a special chemical equilibrium. Not only 
ie this equilibrium destroyed by any attempt to ascertain the chemical 
composition of protoplasm by analysis, but even for ite preservation 
the protoplasm must be surrounded by those circumstances which 
ars known to be necessary for life, viz., moisture, warmth, and suit- 
able nutritive material, or ita chemical destruction must be wanted 
off by a degree of cold that checks its chemical activity, 

If the chemical integrity of protoplasm be destroyed and its death 
produced, many new substances appear, amongst whieh are 
fives of each of the great chemical groups found in the animal tissues, 
Thus, besides water and inorganic salta we get from protoplasm 
carbohydrates represented by glycogen, lecithin, and other fats, and 
several albaminoas bodies, which will be described in the groupe to 
whieh they belong. In addition to these, protoplasm often eontains 
some foreign bodies which have come from without, and «peeial in- 
gredients of its own manufacture, such as oil, pigment, starch, and 
chlorophyll 

Blood-plarma : There is another body in living blood which must be 
included in this group, as it undoubtedly has a much more complex 
constitution than any of the individual albuminous bodies, presently 
to bo slescribod, which ean be obtained from it. ‘This is proved by the 
following fects: first, its death is accompanied by a series of chemical 
changes, ‘viz, disappearance of free oxygen, diminution of alkalinity, 
atul a rise in temperature, and secondly, that several albuminous 
Woction appear which were not present as such in the living plasma, 

‘The spontaneous decomposition of separated blood-plasna may be 
delayed by cold ; at freezing point the chemical processes are thus 
held in cheek. During Iife the exalted constitution of the plasma is 
wustained by certain chemical interchanges which go on between it 
ond ite surroundings This question will be more fully discussed 
when the coagulation of the blood fs described. 

Muscle-planen: Likewise,«s will be foand in the chapter on Muscles, 
there existe in the soft, contractible part of striated muscles a plana 
which at ite death xpontancously breaks up into several distinct 





all 
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albuminons bodies {and forms a coagulum. These changes are ac- 
companied by acidity of reaction, the disappearance of oxygen and 
an elevation of temperature, showing that distinct chemical change 
is taking place, 

Ozy-heemogtobin, the colouring matter of the blood, should be 
included here amongst the important chemical bodies more complex 
than the albumina. ‘This singular body can be broken up into a 
globulin and a colouring matter hormatin containing iron. It differs 
from all other bodies of a similarly complex nature from the fact that 
it readily crystallizes, and also in the very remarkable manner in 
which it combines with oxyyen, and again yields it up. 


Group TI, Aswomrxocs Boprs. 


Ttis difficult to say how far these bodies exist as such in the living 
organism, but they can be obtained from neatly all parts, particularly 
those which contain active protoplasm, and after its death they 
ean be detected in abundance. As may be seen, by testing for their 
presence in living protoplasm, the addition of any chemical re-agent 
or treatment causes its death, so that although albumins appear in 
the test-tube, this cannot be accepted as proof that they would have 
answered to the tests before the protoplasm was changed by its death, 

They do not occur normally in any secretion except those sub- 
stances which tend to nourish the adult body, and to form and 
nourish the offipring, viz., the ovum, semen, and milk. No satisfac 
tory formula has boen suggested to express their chemical composi- 
tion, but the average per-centage of the elementa they contain is 
remarkably alike in all members of the group, This may be said to 
‘be in round numbers as follows ;— 


Oxygen. : . “ + « @1 percent. 
Chas ple eal al 
Wie 2 Tl lw Og 
Carbon 5 x ") - -. 58 » 
RP sh eM boy 


‘They are amorphous, of varying solubility, and with one exception 
indiffusible in water. 

‘As far ax we know at present, albumins cannot be constructed de 
nioeo in the animal body, but must be supplied in one form or another 
as part of the food. Albumins are therefore always the outcome of 
the activity of vegetable life. 


38 MANUAL OF PHYSIOLOGY, 


They can be recognised by the following tests :— 

1. Strong nitric acid gives a pale yellow colour to strong 
solutions or solid albumin, which turns to deep orange when 
ammonia is wided (Xanthoproteic test), 

2. Millon’s Re-agent (acid solution of proto-nitrate of mereury) 
gives awhite precipitate which soon turns yellow, changing to 
Fosy-red on prolonged boiling, orafter standing for some days, 

3, Solutivn of canstic soda and a drop of cupric culpbate solution 
give a violet colour to the liquid. 

4. Acetic acid and boiling give a white precipitate. 

5, Acetic acid and potassium ferro-cyanide give a floeculent 
white precipitate. 

6, Acetic acid and equal volumes of sodium sulphate solution 
give a precipitate on boiling, 

7 With sugar and sulpburic acid they become violet. 

8, Crystals of picric acid added to their solutions dissolve and at 
the same time cause beail-like local coagulations. 


Cussatvication or Auucxrns, 


Under the head of the albunsinows bodies we find several classes 
which differ from cach other in slight but very important points, 
‘The first class may be ealled 


A. Albumina Proper, or Native Albumina. 


They consist of : 

1, Eyg-Albwmin, which dees not ‘occur in the onlinary tissues of 
the animal, can be procured by filtration from the white of an 
ogg. It makes a clear or slightly opalescent solution fn water, 
from which it is procipitated by mercuric chloride, silver nitrate, 
Jond acetate, and alcohol. It is coagulated by hoat, strong nitric and 
hydrochloric acids, or protonged exposure to alcohol and ether, 

2 Serum-Allumin, oy the other hand, is one of the chief forme of 
allamin found in the nutrient fluids 


It differs from eg-albumin in— 
(u.) Not coagulating with ether. 
(t.) The precipitate obtained by strong hydrochloric acid being 
rondily redimolved by exeess of the acid, 
(c) Coagulam being more readily soluble in nitric acid, 
(i) Its apecitic rotatory power being 56", while that of egg- 
i albnmnin is 35°5°. 
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(@) If introduced into the circulation, it is not eliminated with 
the urine as is egy-albumin, 


B, Globuling, 


Associated with the last during the life of the tissues we find 
another clus of albaming, namely, the globulins, which do not dissolve 
in pure water, bat are more or less soluble in a solution of common 
alt. These may be divided as follows :— 

1, Globulin (crystalline) occurs in many tissues, but ia usually 
obtained from an extract of the crystalline lens made by triturat- 
ing it with fine sand in a weak solution of common salt, and then 

passing @ current of carbon dioxide through the solution. ‘The 
globulin falls, being easily precipitable from its saline solution by 
very weak acid, This form of globulin does not cause coagulation on 
its being added to a serous fluid, and in this respect differs from the 
next menibers of this division. 

2. Paraglobulin (fibrinoplastin) can be obtained by passing through 
diluted serum a brisk stream of carbon dioxide. When a fluid con- 
taining pamglobulin is added to a serous transudation, it causes 
coagulation of the fluid giving rise to fibrin. 

3. Fibrinogen, a viscous precipitate got from serous fluids or blood 
in the same way as the last, but with greater dilution and more pro- 
Jonged use of carbon dioxide. It is similar in its characters to the 
last, but congulates at a lower temperature (55° C.) (paraglobulin 
coagulating at 60°—70° C.). On its addition to defibrinated blood, 
or a fluid containing paraglobulin, it forms a congulum, 

4. Myorin, obtained from dead muscle, being the soft jelly-like clot 
formed during rigor mortis from the dying muscle plasma. It is not 
so soluble as globulin, for it requires a stronger solution of salt to 
dimolve it,and is precipitated from its saline solution by solid salt or 
by dilution. It is coagulated at 60° C. 

6, Vitellin, a white granular proteid obtained from the yolk of egg. 
It is very soluble in 10 per cent, miline solution, from which it can be 
precipitated by extreme dilution, but not by eaturation with salt. It 
coagulates between 70° and 80° C. 


©. Derived Albumins (Albuminates). 


1. Apid-Abumin (Syntonin) can be made from any of the preced- 
ing by the slow action of a weak acid ; or by the addition of strong 
acetic or hydrochloric acids to native albumin, such as exiatain white 
of egg, and dissolving the jelly, thua formed, in water, It is only 
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soluble in weak acide—exact neutralisation precipitating it, With 
the least excess of alkali the precipitate redisolves, becoming changed 
into alkali-albumin. 

So long as it is dissolved in weak acid it will not coagulate on 
doiling, but it congulates and becomes incapable of re-solution if 
heated while precipitated by neutralisation. 

& Alhali-A lbumin,—Similar to the last, but produced by the action 
of eitherweak alkalies and dilute solutions, or atvong solution of potash 
on white of egy. Its general behaviour is the same as the abovo— 
‘Dut as it differs in composition, containing no sulphur—it can there- 
fore be distinguished by the absence of the brown colouration which 
appears on heating acid-albumin with caustic potash and lead acetate, 

3 Casein is the proteid existing in milk, and resembles allali- 
albumin in its reactions, It can be precipitated from milk by 
rennet, or acotic acid in excess, but not by exact neutralisation, 
owing to the presence of potassium phosphate, 


D. Fibrin, 


Avolid filamentous body, the result of chemical changes a 
ing the death of the blood-plasma, during which the so-called filcin 
generators are set free, It swells in weak hydrochloric acid, but dove 
not dissolve while cold. If heated to 60°C, in acid, it changes to ackl- 
albumin and dissolves. By 10 per cent. neutral saline solutions, a 
substance like a globulin may be extmected from it, If heated, it 
ussumes the characters of a coagulated proteid. 


E. Coagulated Albumin. 


Tfany of the above be heated to 70° C. (except acid and alkali 
albumin, which must first be precipitated by neutralisation) they 
coagulate and become extremely insoluble and lose their former 
ehanicters, They are but very slightly acted on by weak acide, oven 
when warmed, Strong acids dissolve them, but this solution is asso- 
ciated with a destructive change. ‘They are, however, readily con- 
verted by the digestive ferments and juices into peptoncs, and thus 
dissolved, 

F. Peptone, 

‘This substance is formed by the action of the digestive ferments 
from any of the above albumins, in the stomach by pepsin in the 
presence of dilute acid, and in the xmall intestines by trypsin in the 
prownce of dilute alkali, This change renders them more soluble 
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and diffusible, and thus enables them to pass out of the alimentary 
canal into the system, and makes them more snited to take part in 
the nourishment of the body. 

The leading chareteriatics of peptone may be thus enumerated :— 


1. Very ready solubility in hot or cold water, acida or alkalies. 

2 Not coagulable by heat. 

3, They are precipitated by alcohol but not changed to the co- 
fAgulated form. 

4, They diffuse readily through animal membrane. 

5, They ure not precipitated by sulphate of copper, chloride of 
iron, or ferro-cyanide of potassium and ucetie acid. 

6, They are precipitated hy iodine, chlorine, tannin, chloride of 
mercury, and the nitrates of silver and mercury. 

7. Caustic potash and a trace of sulphate of copper added to 
their solutions give a red colour which deepens to violet if 
too much of the copper salt be used. 


The formation of poptones is a gradual process having many inter- 
mediate steps, in the earlier stages of which, precipitates are formed 
by ferro-cyanide of potassium and acetic acid. (Vide Chaps. VILL 
and IX, and on Chemistry of Digestion, pp. 116 and 124.) 


Group IIT. Ausumryorps. 


‘Thess are the outcome of nutritive modification of protoplasm, 
and may be said to be directly manufactured by that substance, 
and to be specially adapted to meet the requirements of certain 
textures differing widely in function, They are allied to one another 
and to the last group by—(a) their per centage composition * ; (b) con- 
taining nitrogen ; (c) being amorphous colloids. They differ from 
albuminous bodies in—(a) their solubility ; (b) their behaviour to 
heat, acids, alkalies and the digestive fluids ; and (c) thelr value as 
food-stutis, 

1, Mwein is the characteristic ingredient of the mucus manufactured 
by epithelial cells, and is also found in connective tissue (abundantly 





* The following Table gives the composition of the principal albuminotds and 
all 


ibuminn -— 
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in that of the foctus) and in some pathological growths, It gives a 
peculiar thick ropy consistence to the fluid containing it, enabling it 
to be drawn into threads, It is precipitated hy mineral acids, alam, 
and alcohol, and the precipitate awells in water and is re-dissolved 
in excess of the acid. With acetic acid a precipitate is formed which 
does not re-dissolve in an excess of the acid. When boiled with 
sulphuric acid it yields lencin and tyrosin. 

2. Chondrin is obtained by the prolonged boiling in water of slices 
of cartilage clearod of the perichondrium, On cooling, this solution 
forms a jelly, ‘The jelly dissolves easily in hot water or alkalies, and 
ean be precipitated by acetic or weak mineral acids, alum or scetate 
of lead, It gives only Ieucin on boiling with sulphuric acid. 

3. Gelatin is produced by boiling fibrous connective tissues, such as 
ligaments, tendons, the true skin and bones in water, On cooling, 
the fluid forma a jelly, which can be dried to a colourless brittle body 
which awells in cold water and dissolves on being heated. It is 
not precipitated by acctic acid, but yields precipitates with chloride of 
tmereury or tannin, which latter is seen in making leather, On 
boiling with sulphuric acid it yields glycin and leucin but no 
tyrosin. 

4. Elastin is obtained from yellow elastic tissue by boiling with 
caustic alkalios, Itis little affected by boiling water, strong acetic acid, 
or weak alkalies, but dissolves in concentrated sulphuric acid, It is 
precipitated by tannin, and yields leucin when boiled with sulphuric 
acid. 


5, Keratin exists in the epidermic appendages (hair, horn, nails, 
&o.). It is like the albuminous bodies in containing o considerable 
quantity of sulphur, but differs from them and the other albumi- 
noiils in general properties, It ix soluble in alkalies, swells in 
strong acetic acid, gives the xanthoproteic reaction, and is extremely 
insoluble in the digestive juices. 


Group IV. Paopvers or Tissuz Caaxor. 
Intermediate or bye prodwete. 


‘These are, no doubt, protoplasmic manufactures destined for some 
‘useful purp<se, but they do not long exist in their original form, 
‘eing often broken up into other compounds they are re-abeorbed, or 
pass away with the fieces, These bodies are found in the various 
nocretions, Most of them, however, can be better described with the 
function of the gland which forms the secretion in whieh they oceur. 

Attention must bere be drawn however to certain complex borlies 
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existing in the bile, Some complex nitrogenous anbetances and 
the monatomic alcohol, cholesterin, will leo be now mentioned. 
But the reader must remember that chemically they are not con- 
nected with the other bodies the deseription of which immediately 
follows theirs, namely, the effete produets 

Bile Salts,—Two acida exist in the bile united with soda to form 
soluble soap-like ealts. ‘They may be recognised by the purple violet 
coloar produced by cae sugar and sulphuric acid at a temperature 
of about 70° ©. (Pettenkofer’s reaction). 

Tuurocholic Acid, C,,H,,NSO,, is most plentiful in the bile of 
earnivora and man, where it occurs combined with soda. It is 
decomposed by prolonged boiling with water into taurin and cholic 
acid, thus — 

‘Tunrocholic Acid. ‘Twarin, ‘Cholie Acid, 
©,,H,,NSO, + H,O = C,H,NSO, + C,,H,,0,. 

Glycocholic Acitl, CygH,,NO,, found in the bile of herbivora and 
man. It erystallises fine white glistening needles It exists a8 
the glycocholate of soda in the bile. By boiling with weak acid it 
yields glycin and cholic acid. 

Ghyeodhotie Acid Glycin, Chotio Acid. 
CgH, NO, + H,O = C,NH,0, + C,,H,,0¢ 

Tn the bile certain matters also exist to which the colour is due, 
the principal being bilirubin in man and carnivora, and biliverdin in 
herbivora. They are probably derived from the colouring matter of 
the blood. ‘They can be recognised by treating the solution with 
nitric acid which is coloured with red fumes, when a play of colours 
ending in a dull purple is seen. 

Lecithin, CyHyNPO», is a complex nitrogenous fat found in 
most tiesues and fluids of the body, particularly in the nerve tissnes 
and yolk of egg. Itis an interesting product of decomposition of the 
constituents of the brain, which is related in constitution to the 
nentral fats, and it may be regarded asan acid glycerine ether. It is 
easily decomposed when heated with baryta water, splitting into 
glycerin, phosphoric acid, neurin, and barium stearate, 

‘Another body called Cerebrin, not containing any phosphorus and 
of doubtful composition, can be obtained from brain substance, and is 
also found in nerve fibres and pus corpuscles, It is a light colourless 
powder which swells in water. 

Pretagon, CyecAyyNsPOgs, i8 by some supposed to be the chief 
constituent of brain substance, and by others said to be a mixture of 
the last two bodies. 
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Neurin (Chotin), CsH,,NO,, is an oily liquid only found in the 
body as 4 product of the decomposition of lecithin, but it has been 
obtained synthetically. 

Cholesterin, CygH,,0, exists throughout the body where active 
tissue change is going on, particularly the nervous centres It is a 
monatomic alcohol, and is the only one existing free in the body. 
Tt may be obtained from gallstones, some of which consist entirely 
Of cholesterin. It may occasionally be found in a crystallised form in 
any of the fluids of the body normal or pathological, but it only 
seems to be an effete product, nearly all that produced in the body 
being discharged along with the effete portions of the bile, It may 

* be recognised by the shape of the crystals, which are rhombic plates, 
inwhich one comer is generally deficient, 


Effie Products, 


‘Theso, a8 hoa been stated before, are generally the outcome of 
the active chemical changes necessary for the growth and vitality of 
the living protoplasm, and are for the moat part soon eliminated by 
the excretory glands, so that but small quantities of them can be 
found in the active tissues where they are produced, 

Uren, CO(NH,),, is the most important constituent of the urine 
of mamumatia, but not of that of birds or reptiles. Traces of it may 
be found in the fluids and tissues of the body. It is readily soluble in 
water and alcohol, and forms crystals when its solution is concen- 
trated. Itdecomposes when treated with some strony acids or alkalies, 
taking up water and yielding CO, and NH,, and with nitrous mei 
gives CO, +N + 1,0. It was the first of the ao-called “ organic” 
compounds to be made artificially, being obtained in 1898 by mixing 
watery solutions of cyanate of potassium and sulphate of ammonium, 
‘evaporating to dryness and extracting with alcohol, or in short by 
heating cyanate of ammonia with which it is isomeric, 

ON cor 
Ammonium Cyanate=N H,)O = ES | N=te 
s 
It can now be produced artificially in other ways. 

It has alo been considered to be a diamide of carbonic acl 
(CO(OH),), the two atoms of hydroxyl being replace by two 
atoms of amidogen, NH,, thus—(CO(NH,),). In the presenee of 
woptic agencies, in a watery colution, urea takes up two atoms of 
waterand is converted into carbonate of ammoniam— 


CO(NH,), + 2H,0 = CO(ONH,),. 


util 
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‘The so-called alkaline fermentation of urine depends upon this 
change. The reader is referred to the Chapter on Excretions, p. 320, 
where more complete information is given. 

Kreatin, CH,N,O,, oceurs in muscle and many other toxturve. 
It may he converted into kreatinin by the action of acids by simple 
dehydration, It can also be split up into sarcoxin and urea. 

Kreatinin, C,H,N,O, is a dehydrated form of kreatin, which is a 
normal constituent of urine. In watery solutions it is slowly con- 
verted into kreatin, 

Allantoin, O,H,N,Oy, found in the allantoic fluid and the urine of 
the foetus and pregnant women. It is erystallisable, and is converted 
into urea and allantoic acid by oxidation. 


C.H,0 
Grycin (Glyoeold ox Glycine) CAH NHJOOH, oF HCN, 


4a regarded as amido-ncetic acid. It does not occur free in the body, 
‘Dut enters into the composition of the bile acids and hippuric acid, 
It is soluble in water. 


CyH,.0, 
Leucin, OHyg(NHOOH, or “Ht N, amido-caproicacid, 


is found in the secretion of the pancreas and some otherglands, Itis 
one of the principal products of the decomposition of albumino 
odies, from which it can be obtained by boiling with sulphuric 

Tyrosin, OyH,,NO,, though belonging to a distinct chemical seri 
(aromatic), is only found in company with leucin in the decompo: 
tion of albuminous bodies, and normally in the pancreatic secretion. 


Tawrin, CH,NO,S, or Ye Hs \ 8O,, isa constituent of one of the bile 
4 








uchds, and is also found in muscle-juice. It may be regarded as amido- 
ethyl-sulphonie acid, 

Uric Acti, CH,N,O, (dibasic), is found in lange quantities in the 
excrement of binds and reptiles, but in a small and variable quantity 
in the urine of man. Traces have been found in many tissues, in 
some of which lange quantities accumulate as the result of patholo- 
gical processes (gout). It formas ealte which are much less soluble 
in cold than in hot water, and make the common sediment in urine. 
‘The acid salts are leas soluble than the neutral. The common test 
for uric acid consists of slowly evapornting the substance to dry- 
ness with a little nitric acid, and to the residue adding ammonia 
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when a bright purple colour is produced (murexide test), Use 
acid is supposed to be a step in the production of urea, which is one 
of the results of its oxidation in the presence of acids, this :— 


‘Uric Acid. Alloxan, ‘Urea. 
H,N,O, + 1,0 + 0 = C\H,N,0, + CORR 





CHO 
Hippuric Acid, C,H,NO,, or Guo" N, occurs in considerable 


quantities in the urine of the horse and herbivora generally, It is 
found but very sparingly in man’s urine, but it appears in large 
quantities after benzoic acid and some other medicaments have been 
taken. In constitution it is an amido-neetic acid in which one atom 
of the hydrogen is replaced by the radical benzoyl (C,H,O). Tn the 
body it is combined with bases, and is formed out of benzole ach 
and glycin (amido-acetic acid) (cide p. 332), thus— 








Glyan, Teonzole Acid. ‘Hippuric Acid. Water, 
0,H,(NH,)O-OH + C,H,0, = C,11(C,H,0)(NH,)0-0H + 1,0. 


By heating or putrefoction it is resolved into these constituents. 

Indol, O,H,N, is produced in the intestinal canal by the patre- 
factive changes brought about by septic agencies during panereatio 
digestion. It gives an odour to the fisees and a red colour with nitrous 
acid. 

Indico 1 are substance sometimes found in the urine and 
sweat, With oxidising agents it yields indigo blue, By this fect 
it is easily recognised. An equal volume of hydrochloric ackd and 
a very sinall quantity of calcium hypochlorite (bleaching-lime) ik 
wided, and the indigo whieh is formed can then be dissolved atl 
separated by agitation with chloroform. 






CLass B, NON-NITROGENOUS, 
Group V. Cansorrorares. 


Carbohydrates (gencral formula, C.H,,0,) are bodies in whieh the 
p exist in the same proportion as in water, the 
The following examples of this group are mot 
with in the textures of the body -— 
Grape Sugar (Dectrow), C,H,,0,, occurs in minute quantities in 
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the blood, chylo, and lymph, It forms crystals which readily dis- 
solve in their own weight of water. The watery solution has a 
dextro-rotatory power on the may of polarised light, When mixed 
with yeast, the fungus (Sacchuromycea cerevisie) of the yeast causes 
alcoholic fermentation of the sugar, whereby alcohol and carbon- 
dioxide are formed. 

Dextrome. Alea. 


0,H0s=2 C,H,0 +2 CO, 


Moderate loat (25° C,) aids the process, and cold below 5° C, checks 
it ; an excess of either engur or alcohol stops it. 

‘The presence of casein or other proteid muterial, when decomposing, 
gives rise to lactic fermentation, producing first lactic acid, then 
butyric and carbon-dioxide and hydrogen. 


‘Dextrose, Lactio Acid. Butyrie Acid. 
C,H,,0,=2 C,H,0,=C,H,0, + 2 CO, + H, 


Mill Sugar (Lactose), C,,H,,0,, + H,0, isomeric with cane sugar 
(snerose).—It is the characteristic sugar found in milk. It fa not 40 
soluble as dextrose, and does not undergo direct alcoholic fermenta- 
tion, but under the influence of certain organisms it readily gives rise 
to lactic acid by lactic fermentation in the same way as dextrose. (See 





) 

Tnasit, C,1,,0, + 2 1,0, is an isomer of grape sugar, which is 
ineapable of undergoing alcoholic fermentation, It is erystalligable, 
and casily soluble in water, It has no effect on the polarised ray. 
It és fonnd in the muscles, and also in the lungs, spleen, liver, and 
brain. 

Glycogen, CyH, gO. a body like dextrin, first found in the 
liver, It gives an opalescent solution in water, and is readily con- 
verted into dextrose by an amylolytic ferment, or weak ucids, It 
has a strong dextro-rotatory power, It can be found in most rapidly 
growing tissue, (See Glycogenic Function of the Liver, p. 307.) 





Group VI, Hypnocarnons, 


‘These bodies have the same elements in their composition, but 
the hydrogen and oxygen have variable proportions—not that 
of water, Fats are found in large masses in some tissue, and 
aleo 24 fine particles suspended in many of the fluids. The fat of 
adipose tissue in man fe a mixture of olein, palmitin, and stearin, 
which are commonly spoken of as the neutral fats. 
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‘The firet is liquid and the last two solid at normal temperatures, and 
the varying consistence of the fat of different animals depends upon 
the relative proportions of the more solid or liquid fats. 

Fats are soluble in ether and chloroform, but quite insoluble in 
water, When agitated in water containing an albuminous body, or 
an alkaline carbonate in solution, fluid fat is broken up into small 
particles, which remain suspended in the liquid so as to form an 
opaque milky enrulsion. 

‘Chemically, they are regarded as ethers derived from the triatomie 
aleohol glycerine, C,H,(OH),) by replacing the hydrogen atoms of 
the OH group by the oxidised radicals of the fatty acids : thus— 


Aycorine + Palmitic Acid «= ‘Tripalmitin + Water. 
C,H,(OH), +3 (CysH,,0,)=C, 1,0, (C,,H,,0), +3 1,0. 


Under the influence of certain ferments they separate into glyee- 
rine and the fatty acid, taking up the necessary elements of water, 

When the neutral fats are boiled with alkaline solutions they are 
similarly deconsposed, and uniting with the clements of water, form 
glycerine and fatty acids, The glycerine is thus set free, but the 
fatty acid combines with the alkaline metal to form a kind of soluble 
sap. Aninsoluble soap may be obtained by substituting lead or limo, 
&e., for the alkali, 

‘This splitting up of the neutral fats, stearin, palmitin, and olein 
into sodinm stearate, palmitate, or oleate goes on during digestion, 
and is said to be neeful in aiding the absorption of fatty matters. 





INORGANIC BODIES. 


Water (1,0) is present in nearly all tissues in larger proportion 
than any other compound, making up about 70 per cent. of the entire 
body-weight, The amount in each texture varies, and thus the different 
tissues have widely different consistence, 

Water is introduced into the body in all kinds of drink, and a 
lange quantity is also taken with our solid food. It is highly probable, 
that in the chemical changes which take place in the tissues, some 
water is formed by the oxidisation of the hydrogen of the more com- 
plex substances, 

In the economy it nets aa the universal solvent in the fluids of the 
Dody, nnd as the ngent by means of which the chemical changes of 
tho various organs are enabled to be accomplished. 

The water leaves the body by the lungs as vapour, and by the 
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skin, kidney, and many other glands, as the fluid in which their secre- 
tions are dissolved, 

Inorganic acids oceur either combined to form salts, in which con- 
dition we find severnl in the body, (sulphuric, phosphoric, silicic), or 
uncombined, Tn the latter state we haye only two, vix > 

Hylrochloric Acid, HCl, which is manufactured by the mucous 
membrane of the stomach, and takes an important part in gastric 
digestion. 

Carbonic Acid Gas, CO,, exits in mort of the fluids of the body, 
having been absorbed by them from the tisenes during their com- 
bustion. The venous blood contains a considerable quantity, which 
is got rid of during the passage of the blood through the lunga, 
‘Tt is distinctly a waste product, that must be constantly eliminated 
from the body (see Respiration). 

A. large number of salts occur in the tiesues, generally in small 
quantity, in solution, In the teeth and in bone tissue salts exist in 
the eolid form, and in much greater proportion than in any of the 
soft parts. Most of the salta are introduced into the economy with 
the food, but some, doubtless, are formed in the body itself, Our 
knowledge of the exact position occupied by the salts in the textures 
is very incomplete, as their amount is only estimated from the ash 
of the tisiue which remains after ignition, by which process they 
‘become altered, so that it ia impossible to suy what are the exact 
salts that are present in the body. ‘They doubtless form chemical 
combinations with the complex organic compounds, which we do not 
understand, and probably have important functions to perform, such 
as rendering certain materials (globulins) soluble, or otherwise facili- 
tating tissne change. ‘The salts pass out of the body in many aecre~ 
tiong, notably in the urine, where they have great influence on the 
elimination of urea, and therefore form a most important constituent 
of that secretion, 

Common Salt (Sodium Chloride), NaCl, is the most widely spread, 
and is present in greater quantity than any other salt in all fluids 
and tissues, except in bones, teeth, red blood corpuscles, and red 





Potassium Chloride commonly accompanies sodium chloride in amall 
quantity. In the red blood corpuscles, and in muscle it ocours in 
greater amount than the sodium salt, while in the blood plasma but 
little is found in comparison with the soda salts, and any excess 
aeems to act as a poison to the heart. 

Carbonates and phosphates of calcium, sodium, potassium, and mag- 
nesium occur in small quantities in most tissues, ‘The earthy part of 

% 
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Done is chiefly composed of calcium and magnesium phosphate anil 
calcium carbonate, together with some caleium fluoride. 

Sulphates of sodium and potassium, probably formed in the body 
from the oxidisation of the sulphur in the complex proteid materials, 
‘occur in most ticeues, and are removed from the body by the 
kidneys. 

Finally we find two of the elements free in the textures. Of these 
Oxygen plays by far the most important part. It is widely distri- 
bnted among the fluids of the body, from which it can be removed 
by reducing the pressure of the oxygen of the atmosphere by means 
of an nirpump, Oxygen is introduced into the body by the Inngs, 
where the blood takes it from the air, In the blood only a «mall 
quantity of that which cam be removed by the ait-pump s really 
free, the remainder is chemically combined with the colouring matter 
of the blood. It is absolutely necesary for life, as it alone ean 
enable the chemical changes of the tissues, which are mostly oxidis- 
Hons, to go on. It ia,in fact, the element necessary for the slew 
combustion which takes place in the nutrient material after its 
wssimilation, 

Nitrogen also ocenrs in the blood, but in insignificant quantity. 
It is absorbed from the atmosphere as the blood passes through the 
Jungs. So far as we know, it has no physiological importance in the 
body, 


CHAPTER IY, 
THE VITAL CHARACTERS OF ORGANISMS, 


‘Tux, manifestation of so-called vital phenomena in man forms the 
sabject-mattor of the following chapters, and some kind of explina- 
tory definition of the vital characters of the simpler organisms will 
be useful in preparing the beginner’s mind for the more intricate 
questions in human physiology, This, with the foregoing short 
gecount of the chemical and structural peculiarities of animals, will 
complete a rough outline of the general character of organisms, 

Protoplaam has already been referred to as the material capable of 
showing “ vital phenomena,” the most obvious and striking of which 
are it» movements, 

Besides the common molecular or Brownian movement of the 
granules of protoplasm—which may be seen in most cases where fine 
granules are suspended in a less dense medium—protoplasm can 
perform motions of different kinds which must be regarded as dis- 
tinetly vital in chameter. This movement may be suid to be of three 
different kinds, according to the results produced, viz, :—(1.) The 
production of internal currents, (2,) Changes inform. (3.) Loco- 
motion. In reality the two latter are dependent on the first, 

‘The occurrence of currents from one part of a portion of proto- 
plasm to another can be well seen in vegetable cells, when the cell 
wall restricts the more obvious change in form or place, Thus in 
‘the cells forming the hair on the stamens of Tradescentia Virginica 
the vurious currents can be seen in the layers of protoplasm which 
line the cell wall. 

‘The granular particles course slong in varying but definite direc- 
tions, passing ome another like foot-passengers in a crowded street. 
‘The first and most obvious result of this is, that the various parts of 
the substance are constantly brought into contact with one another, 
ond thus the products of any chemical changes taking place at any 
given part of the = body are rapidly distributed over the entire 
mass of the protoplast 

If there be no Totinite cell wall—as in naked vegetable spores and 

ze 
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amaboid forms of animal lifo—to restrict or direct the eurrent of 
protoplasm, it flows out in various directions in budlike processes, 
which appear at various parts of the protoplasmic mass, eo as to 
cause a constant change in the form of the cell. These outstretched 
processes sometimes flow together and unite completely, often en- 
closing some of the medium in which the creature is suspended, or 
catching some foreign particle floating near them. 

‘The flowing out of these paeudopodia commonty takes place for 
some little time persistently from one side of the cell ; and the body 
of the cell, ns it were, bas to follow 
the protrusion of the processes in 
such a manner that in a little time 
definite change in position or 
movement in a certain direction 
occurs; thus tle unit of jprote- 
plasm may be sail to perform deli- 
nite progression or locomotion. All 
these movements may be seen in 
the white blood corpusele of a eold- 
blooded animal, euch as a frog, and 
ie. 36 —An amamta figured ut twodit- Still more easily in the uni 

caters sincera” tie karntseaeeenem 
‘central portion, ‘arious influences may be seen 
[iy Nedous; ()'Inpotel food, to affect the rato of maventente, 
(cepebanse:) and probably influence at the same 
time the other activities of the 
protoplasm. Foremost among these must be named ;—(1.) Tempera- 
ture. If aprotoplasmie unit which is observed to be motile be gently 
wurmed, the movements become more and more active as the temmpe- 
miture is raised, until ata cortain point, about 35°—42" C., a spasin 
ooours, remiting in the withdrawal of the preadopodia ; soon after 
which the cell assumes a spherical shape. If the heat be carefully 
alutmeted by the gentle and short application of cold, the proto: 
plasin may be made to recover and again commenne ite movements, 
Vf, on the other hand, cold be applied to moving protoplasm, the 
motions become less and leas active, and commonly cease at a tem 
perature about ora little over PC, (2-) Mechanical irritation alex 
produces a marked offect on the movements of protoplasm. This may. 
be well seen in the behaviour of a protoplasmic cell of frog's Mood 
wader the microscope. It is spherical when first mounted, to 

the rough treatment it goes throngh while being placed on the 
slide and covered ; shortly its movements become obvious by ite 
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change in form, which may again be checked by a sudden motion of 
the cover-glass. (3.) Electric shocke given by means of a rapidly- 
broken induced current cause spasm of the protoplasm, the cell becom- 
ing spherical, (4.) Chemical stimuli also havea marked effect ; carbonic 
acid causing the movements to cease, and a supply of oxygen making 
it active. The movements and other activities of protoplasm are, 
during life, frequently modified and controlled by nerve influence, as 
will appear in the following pages ; this may readily be seen in the 
stellate pigment cells of the frog’s skin, which can be made to con- 
tract into spheres by the stimulation of the nerves leading to the part. 

The motions of protoplasm are thus seen to be greatly affected 
‘by external influences, but the most careful observer cannot find 
physical explanations of the various movements which have been 
described. It is necessary, therefore, to ascribe this power of motion 
to some property inherent in the protoplasm, and hence the move- 
ments are called automatic. We are unable to follow the chemical 
processes upon which the activities of the protoplasm depend, and 
therefore we call them vital actions; but we must assume that these 
so-called vital propertice depend on certain decompositions in the 
chemical constitution of the protoplasm, We know that some chemical 
changes do take place, as we can estimate the products which indi- 
cate a kind of combustion ; but we know little or nothing of the 
details of the chemical process, 

From the foregoing description of the manner in which protoplasm 
responds to external stimuli, it may be gathered that it is capable of 
appreciating impressions from without; indeed, we may say, it can 
fed. We can only judge of the sensitiveness of any ereature by the 
manner in which it responds to stimuli, and we may therefore con- 
clude that the smallest particle of living protoplasm is endowed with 
definite sensitiveness : this must be noted as one of the most striking 
properties of protoplasm, 

Every particle of living protoplasm has the power of assimilation, 
‘Taking into its structure any nutrient matters it mects with, by 
flowing around them in the way mentioned, it brings them into 
direct contuct with different parts of the protoplasmic substance. 
‘This nutrition of the form-units gives rise to growth, and finally 
leads to their reproduction, and these facts will be more elosely 
examined when speaking of their relation to cell life, 

When a certain size has been attained, the cell does not increase 
any more, but tends to bring forth a cell unit similar to iteelf, This 
is spoken of as the reproduction of cells. 

Different kinda of cell reproduction have been observed, which are 
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all, however, modifications of the same general plan. The first isthat 
by the formation of a bud from the side of the parent cell ; this bud then 
increases in size, and finally separates from the parent and becomes a 
separite individual. This process, which is called gemmeafion, can 





Fig. 26.—Call of the yeust-plant Pig, 97.—Cartilage from youre animal 
‘in process of budding, te- ‘tho division of the cells (0, & ¢ @). 
tween which are some bce 
teria, 


readily be seen in all its stages in growing yeast, where the torula 
cells have variowssied buds growing from them. If the budlike 
protrusion be large, nearly equal in size to the cell itself, the process 
receives the name of fiaion, or division. In well marked typical 
fission the parent cell divides into two parte of equal eize, each of 
which becomes a perfect individual. Various grulations may ‘be 
tmeoil hetween the two processes, so that it is difficult to draw any 
very distinct line be- 
1 2 5 _—*. tween budding and 
2») @n fission, ‘The budding 
ye) ( aml fieion may be 
= maltiple ; many bade 
= " and several units, yito- 
ps 38, —C Of & fangs ( @leeen, slvowing alif- in 
fevstaaesti=Ahotaioronardiace tte ets Of Alison may 
forma what is called a 
colony. When this multiple budding or division takes place, #0 that 
the new unite are included within the body of the parunt ecll, then 
tho process is called endogenous reproduction -or spore formation, 
Aa in the gradations Vetween budiling and fission, so it is difficult 
to draw a hant and fast line between what may be called vultiple 
fiesion and «pore formation. 
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Tn tracing the stages of development of the highly differentiated 
cells of some tissnes, we have to pass through a series of changes 
which form a cycle that may well be called the life-time of the cell. 
The duration of this cycle varies greatly in different individual cells, 





Fig. 99.—Division of egg-cell. (Gegenbauer.) 


Some cells are very short-lived, being destroyed in the act of 
secretion ; others probably endure for the ent of the animal. 
‘The life-history of all cells begins with the stage when it is eom- 
posed entirely of indifferent protoplasm, in which various modifi- 
ations ure subsequently produced, Let us take as an example 
eell of the outer ekin or cuticle, and examine ita life-history. The 
eaticle is made up of numerous layers of cells laid one on the other, 
and the murface cells are constantly being rubbed or worn off, We 
find that these celle have their origin from the cells of the deepest 
layer, which i# next to the supply of nutriment. This layer is made of 
soft protoplasmic units, with certain specific inherited characteristics 
no doubt, but to all appearances the same as the motile sentient 
growing protoplasm of an indifferent cell. By a process of flasion or 
badding constantly going on in this deepest layer of these cells, new 
protoplasmic units are produced. ‘These become distinct individuals, 
und occupy the position of the parent cell, which having produced 
offspring, is moved one place nearer the surface, away from the supply 
of food. The new cell in time gives rise to offspring, and having 
attained reproductive maturity, is in turn moved onward towards the 
euriace. The result of this is that ita supply of nutrition diminishes, 
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the evidences of reproductive activity disappear, and at a certain 
point all signs of protoplasmic life are lest. But on its way from the 
sent of its origin to the surface, it makes use of its limited supply of 
nutrition for the purpose of manufacturing a special kind of 
material which, if present at all, only occurs in the minutest tmces 
in ordinary protoplasm. As the cell moves towards the surface, 
it loses its protoplasmic charucters, becomes tougher and drier, and 
finally nothing but the special horny material remains, Thus from the 
birth of the cell, its energies are devoted, first to its own growth, then 
to the reproduction of its like, and finally to the formation ofa material 
fitted to act as a mechanical protection to the surface of the skin. 
Having manufactured a certain amount of this material, the 

plasm dwindles, and finally quite disappears, so that the cell may be 
aaid to die, Ita horny insoluble and impermeable skeleton, how~ 
ever, has yet to do good service in the outer layer of the skin while 
it i passing to reach the surface, and in its turn ia rubbed off, 

Tt has already been stated that the material which forms all active 
cells, protoplasm, is capable of carrying on the many fanetions 
required for the independent existence of simple’ creatures, It will 
be found in the subsequent pages that, not only can protoplasm 
perform all the activities necessary for the life-history of unicellular 
onganisms, but that it ean also work out all the functions of the most 
complex animals. Indeed, the cells which accomplish the most 
elaborate functions in man, are but protoplasm more or less meslified 
for the special purpose to be attained. 

The different fanctions of an independent unicellular organism can 
he much more completely watched than the changes which take place 
in any of the cells of the higher animals, both on account of the greater 
size of the former, and the more obvious character of the changes 
taking place in them, The student is therefore carnestly advised to 
wpend a few moments in contemplating the operations which go on 
in somo simple organisms, whore life ia not complicated by structumit 
or fanctional elaboration, before attempting to solve the diflicalt 
question of the mechanism of man's life. 

‘Tho lowost forms of living creatures that we are scyuainted with 
(wierocoecus and bacterium), are placed among the fungi in the veges 
table kingdom. On account of their extremely minute size—being 
hardly visible aa spherical or elongated specks with a powerful 

—we can say Dat Little about their structure, ‘They 
pss to be tranalucent and homogeneous, 

Since we use the term protoplasm to mean the material of which: 
the active part of the simplest forms of living beings we composed,: 
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‘we must assume that bacteria are small particles of that material, but 
the characters commonly attributed to protoplasm cannot be detected 
in the ininute glistening mass which makes up their body, 

‘They are so certain to appear in a couple of days in organic in- 
fusions, or in any fluid prone to putrefaction, and they multiply with 
such astounding mpidity, that they have been supposed by some to 
develop spontaneously, But this ia now known not to be a fact. 
Bacteria do not appear without progenitore, any more than any other 
form of living thing, They float lifeless and dry in multitudes 
through our atmosphere, and adhere to all substances to which the 
air has free access, However, the moment they light upon a suitable 
soil, they burst into prodigious activity, at first forming masses or 
colonies, which may be een asa jelly-like scum on the (uid, Such 
a soil is supplied by any organic subwtance capable of spontaneous 
decomposition, for which process, as is well known, the great require- 
ments for life, moisture and warmth, to a certain degree are neces- 
sary. Vast varieties of these organisms are now known, They differ 
slightly in shape, in their habitat, and in their properties. Some are 
obvionsly composed of two distinct layers, some are provided with a 
fine hair-like process, by the lash-like motions of which they move 
rapidly in a definite direction. 

‘They are known to be inseparsble from putrefactive changes in 
organic materials, in fact without them no putrefaction can go on, 
since this process is but the product of their living activity. Intense 
heat kills them, too great cold or dryness checks their activity and 
stops putrefaction, When an organic aubstance is absolutely 
protected from their presence by exclusion of the air, &e., no pu- 
trefaction occurs, even though it be prone to spontaneous decomposi- 
Hon, and be placed under favourable circumstances as to warmth and. 
moisture, 

Bactoria would not deserve so much notice here were it not for 
the remarkable influence they have on the higher forms of life. 
We do not know that they are necessary for any of the more im- 

processes that normally go on in the human body, though 
they are constantly present in the intestinal tract, and are insepa- 
rable from at least one change taking place there that may be 
regurded a4 physiological. It is their relation to the diseased state 
that makes a knowledge of these creatures imperative to medical men. 

So long as the tissue of a higher animal is healthy and well 
nourished, bacteria cannot thrive in immediate contact with it. 
‘They can only exist in theintestine, &c., because there they find accu- 
mulations of lifeless fluids which offer them a suitable nidua, Active 
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living tissues have antiseptic power, de. are able to destroy bacteria, 
ond it is only owing to this bactericide power of our textures, 
that we can with immunity breathe into our lungs the 

air, and swallow roultitudes of these organisma, But for it every 
wound would become putrid, every breath would admit deadly 
germs to our blood. But when the vitality of the part or of the body 
generally is lowered, the vital activity of the tissue may fall below that 
of the bacteria, and their victory is signalled by unwonted and often 
fatal changes, Morbid fluids allowed to accumulate in the texture 
facilitate the growth of bacteria, and give rise to various grades of 
“wound-infection.” But if all accumulations be avoided, the bacteria 
Drought into relation with the living tissue can only irritate it, and 
cause general fever and local muffering to the patient. ‘They cannot 
Propagate in live tissno ax in lifeless fluids, Asa rule, the injurious 
effect of bacteria is in inverse proportion to the vital power of the 
textures which they invade. This is seen in many cases familiar te 
the physician and the surgeon, For instance, even the bronehial 
mucous membrane may be unable to resist the attacks of the atmo- 
spheric organisms, A person whose vital powers are probably alrealy 
low from repeated debauch, falling asleep in the open air after ex- 
cessive intemperance, and being exposed to the redueing chill of 
night, may become so lowered in vital activity, that putrefaetive 
changes may begin in his lung tissue. Indeed this is not an un- 
common history in the beginning of gangrene of the lung. 

We next come to forms of fungus, which set up a process yery 
like putrefaction, such as the yeast plant, Torula cereetsta, which causor 
aleoholic fermentation in sugar solutions, In the torula an external 
caso containing protoplasm may readily be scon, and mvultiplioxtion 
of the cells goes on rapidly by a process of budding, Toruls, hows 
over, like bacterin, though called vegetables, have not the power of 
assimilating as ordinary green plants do, but require nutriment tobe 
mupplied to them which already contains organic or complex com- 
pounds Structurally but little different from torula is « ome-celled 
plant, the green protococens, which, like a bigher plant, ex build up 
its texture from the simplest food-stuffs, and carry on its funetions, 
Tt consists of a case made of cellalose, within which lies ® mass of 
protoplasm with a nucleus. The protoplasm is commonly coloured 
green by a peculiar enbstance called chlorophyll. We shall see pres 
eently that it is to protoplasn containing chlorophyll, that plants owe 
all their most charucteristic and wonderful properties ; viz, the pr 
perty of assimilating #0 as to construct complex carbon eompounile 
out of simple inorganic materials 
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‘The smallest and simplest organisms classed as animals are generally 
longer than the vegetable cells just alluded to, They consist of 
protoplaam without any nucleus, and only sometimes with a struc- 
tural difference between any part of their substance. Asan example 
we may take Protomeba. This is a emall mass of protoplasm with- 
out any nucleus, but its outer layer is clearer and less granular than 
the central part, It can move by sending out protoplasmic processes, 
in which currents can be observed resembling those in the vegetable 
cella Except as regards the nucleus, it is much the same as the 
Ameba, which can be more readily watched, and will therefore be 
more accurately deseribed. 

‘The amoeba is a single cell or mass of uncovered protoplasm, con 
taining a well defined portion of substance or nucleus, within which 
is a small speck or nucleolus, ‘The central part of the protoplasm is 





Pig 40.-—Two different forms of Ambue in ditterent phasce of swovernent. ‘Those on 
‘the left after Cadiat, A. and J, show an outer cloar zone (Gegenbaur). 
densely packed with coarse granules, but the outer more active part 
is stractureless, and translucent-looking, somewhat like a fine border 
of muffed glass, encasing the coarsely granular middle portion. Such 
a one-celled animal has no special parts differentiated for special pur- 
poses, the requirements of its functions being so small that the proto- 

plasm itself can accomplish them all. 
‘Thus the processes of protoplasm, which flow out with considerable 
rapidity from the body, commonly encircle particles of nutrient 
|, and then closing in around them, press them into the 
midst of the granular central mass, Here they sojourn some little 
time, and during this period no doubt any nutritive properties 
they postess are extracted from them, and they are then «jected 
from the plastic eubstance. This form of assimilation demands no 
‘previous preparation of the food such as we shall see takes place in 
the alimentary tract of man, and in the special organs of the higher 
animals; yet it is a form of digestion adequate at least to the xe- 
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quirements of this simple organism. The repeated alteration of the 
different parts of the protoplasm in relation to one another, and the 
surrounding medinm during the flowing hither and thither of the 
currents, produces not only @ change in the shape and position of the 
animal, but also nets as a means of distributing the nutriment to 
the different parts of the body, and of collecting and carrying to the 
surface the variona products of tissue-decomposition; thus the etream- 
ing protoplasm does the work of a circulating fluid such as we sec 
in the more elaborate organisms for the distribution of nutriment 
aud elimination of waste materials, The surface of the amoobe is sutti- 
cient to allow of the gas-interchange necessary for life, and by means 
of the ever-changing material exposed, suflicient oxygen is taken for 
its tissue combustions, and so a function of respiration is established. 
‘Tho growth that results from the perfect performance of these vege- 
tative fanctions proceeds until the maximum size is attained, and 
further nutritive activity is then devoted to reproduction. When 
growth ceases, commonly the cell divides and forma two distinct indi- 
vidual The movements which form the most striking operations of 
the amenba are the same as those which take place in 

except that they are more mpid and obvious, The clear outer layer 
first flows out as a bud-like process, and, oa it is gradually 

some of the central granular part of the cell suddenly tambles into 
its midst, where it remains, while other peeudepedia are being thrown 
out in the neighbourhood, and the same changes repeated in them. 
It is difficult to watch the motions of an ameoba without being ian 
pressed with the ivlea that it ia not only endowed with sensibility but 
that it also can discriminate between different objects, for we see it 
grecdily flowing around some food material, whilst it carefally ayoids 
other substances with which it comes in contact, 

Tf a glass vowel, containing several amole, be placed ina window, 
they will be found to cluster on the side of the glass most exposed to 
the light. From this it would appear that, in some obscure way, 
protoplasm can appreciate light, and respond to its intluenoe by 
moving towants it. 

‘This single-celled animal—or nucleated mass of protoplasm, ean 
perform all the fimetions of a higher animal, It can move from 
place to place and ominilate nutriment, apparently discriminating 
betwoon different materials, It distributes nutrient stuffs and oxygen 
throughout its body by a kind of tisse circulation, and it can appre 
ciate and respond to the most dolicate form of stimulus, 
light, which subtle motion has uo effect on the sensory nervo-fbres 
of the higher animals 
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In some unicellular animals certain parts of the cell are specially 
modified for the performance of special functions, a division of labour 
thus taking place which insures the more perfect accomplishment of 
the different kinds of activity. In one of the eom- 
monest of the Infusoria (Paranuecia bursaria), 
whieh swarm in dirty water, this is well exem- 
plified. The outer layer of the flattened body 
is denser, and forma a kind of fibrillated corti- 
‘cular case (ectomre), which is covered over with 
hair-like processes (vibratile cilia), which con- 
stantly move in a certain direction, 0 as to propel 
the creature rapidly through the water. The in- 
ternal part of the cell is very soft, almost fluid, 
and coarsely grinnlar in appearance, containing 

bodies which have obviously been intro- 
duced from without. This soft internal proto- 
plosm (endosare) moves slowly round in a definite 
direction, completing its cireuit in one or two 
minutes, and thus carries on a circulation which veh fee 
mixes the various matters contained in it, At fyey aca with 
one point of the ectosarc, or cortical layer, an sft _protoplaxm, 
orifice or mouth leading to an eophageal depres- ja xhsh food is 
sion is found. This orifice is lined by moving (c) Anus, (xf) Con- 
cilia, which by their vibrations drive the food tr ae 
into the cophagus, whence it is periodically aun.) : 
jerked into the soft internal protoplasm or endo- 
sare, together with some water, and thus forms a food vacuole, whieh 
is carried round in the circulation of the ectosare. Besides a well- 
marked nucleus and nucleolus in the central part of the cell, these 
paramevcia have one or more clear spaces placed near the surface at the 
extremities of the animal. These vacuoles suddenly contract, and dis- 
appear every now and then. When this contraction occurs fine canale 
radiating from the contractile vacuole ore distended with the clear 
fluid which has probably entered the vacuole from without. Thus 
@ permanent set of water vessels carry fluid from the contractile 
vacuole throughout the endosare, 

Tn euch an animal there is a distinet advance of fanction compared 
with the amaba : a more clabornte and specialized method of feeding : 
more systematic and regular circulation of nutrient matters: a 
respiratory distribution of water by the contractile vesicle and its 
water canale ; more rapid motion ; and more obvious sensation, 

In the bell animaleule, or vorticella, the same kind of division of 
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labour exists, but in one of its commonest conditions itis attached by 
a thin stalk to the stalk of some weed or other object, Besides the 
ciliary movement we here find that the general mas of the pro- 

can suddenly and forcibly contract, so as to completely alter 
its shape, and change the bell into a rounded mass, This spasm 
of the body is commonly associated with a wonderfully rapid con- 
traction of the stalk, This stalk consists of a delicate transparent 
eheath, in the centre of which is a thin thread of pale protoplasm, 
The rapid contraction of the protoplasm of the stalk and the spam 
of the bell occur on the application of the least mechanical excitation, 
mich an a touch to the cover-glas, Here in a single cell we have 
certain portions sct apart for special purposes, most of which are the 
same ns in parameccia, But the animal being attached requires a 
special way of ereaping from its enemies, and hence we find itendowel 
with three special forms of motion, Besides the ciliary and stream- 
ing protop! ¢ motion, its body can spasmodically change its shape, 
anil the stalk contracts with a velocity comparable with that of the 
most specially modified contractile tissue (muscle) of the higher 
animals, by means of which their rapid and varied movements ate 
carried out, 





CHAPTER Y. 
NUTRITION AND FOOD-STUFFS, 


‘Tue continuation of protoplasmic life depends on certain chemical 
changes which are accompanied by a considerable loss of substance, 
‘This loss must be made good by the assimilation of material from 
without, and the manner by which it is obtained constitutes one great 
point of difference between Plants and Animals, In the majority of 
the former (certain fungi form the main exceptions) the cella in those 
portions of the plant which are exposed to the light and air, contain 
8 peculiar green substance called chlorophyll, and through the agency 
of this substance they are able to obtain from the inorganic kingdom 
nearly all the food they require, Water is taken up by tho roots 
with each salts aa may happen to be in solution, and is carried 
through the stem to the leaves ; here the active chlorophyll-bearing 
cells, uncer the influence of the sun’s rays, cause it to unite with the 
carbon dioxide present in the air, to form various substances, of 
whieh we may take starch or cellulose as the simplest example, 
‘This reaction may be represented chemically, thus ;— 


6 CO, + 5 HO = CoHi,0, + Oy 


Starch or celluloses. 


A large proportion of oxygen is thus set free and discharged into the 
atmosphere, 

‘The most striking property of plant protoplasm fs, then, the power 
of using the energy of the sun's rays to separate the elements of the 
very stable compounds, carbon dioxide and. water, and from 
the elements thus obtained to make # series of more complex and 
unstable compounds, which radily unite with more oxygen, and 
change back to carbonic anhydride ‘and water. 

‘The new carbon compounds made in and by the protoplasm of the 
green plants are some of the so-called “ organic compounds,” which 
enter into the composition of both plants and animals, and form an 
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essential part of the food of the latter. They may be divided into 
three groups— 
i, Carbohydrates—bodies 0 called from the presence of hydrogen 
and oxygen in the proportion to form water ; «9, — 
Starch, CyH,g0, = C(H,0), 
Grape sugar (dextrose) CyH,,0, = C(O), 
Cane sugar (sucrose) C,,Hy:0,, = C,H) 
ii, Hydrocarbons—compounds of carbon and hydrogen with « 
Jess proportion of oxygen than Division i, as oils and fats— 
Olein (principal constituent of olive oil), Cy Hy Oy 
iii, Albuminous bodies which contain nitrogen in addition to 
carbon, hydrogen, and oxygen. ‘These are of very eotmplex 
composition, and, as yet, cannot be represented by chemical 
formula. 


Animals, on the other hand, cannot thrive on the simple forms of 
food obtainable from the inorganic kingdom, which suffice for the 
nutrition of a plant. They require the materials for their assimila- 
tion to be neurly allied in chemical composition to their own tiseaos, 
In short, they require as food the very organic substance which the 
plants spend theirlives injmaking : viz,, starches, fats, and albuminows 
bodies These substances must, therefore, be supplied to animals 
ready made, os they are produced by plants, Directly or indirectly, 
through the medium of other animals, all these complex substances 
which form fuel so useful to our economy, are derived from the 
work done by vegetable life, 

‘The chief acts of animal protoplasm are really oxidations, a alow 
Warning away of its substance, which results in the produetion 
of inorganic materials like those used by plants as food. 

Plonts, then, use simple food-etuffs, and from them manufacture 
complex combustible materials, and thus store up the energy of the 
wan’s rays in their textures, 

Animals use complex food-atuffs to renew their tissues, which they 
ate constantly oxidising, and by this means the energy for the 

tformance of their varions notive fanctions is set free, 

Althongh the various kinds of food-stuffa weed by animals are so. 
highly organized in comparison with those used by plants, yet they 
cannot be admitted at once into the economy without having ander 
gone a special preparation, which takes place in the digestive tet 
where the various food-stuffs are 20 changed as to allow them fo pass 
into the Maids of the boy, 
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‘We hall first consider the chief varieties of food-stuffs, next their 
“preparation for absorption, and then the means by which they are 
distributed to the tissues, The last step in tracing the assimilation 
of the food is to follow the intimate processes which go on between 
the blood carrying the nutriment, and the different tissues. ‘This 
most interesting but difficult question shall receive our attention in 
a subsequent section, 


Foop.—There are two portals, namely, the lungs and the alimentary 
canal, by which new materials normally enter the animal body. 

Within the lungs the blood comes into close relation with the air, 
and takes up oxygen from it, The oxygen is thon carried to the 
various tisstes, where it aids the combustion accompanying the life 
and functions of these tissues. Although oxygen is the most abun- 
dant element in the body, taking part in almost every chemical change, 
and its continuous supply is more immediately necessary for life 
than that of any other substance, yet it is not counted as food, 
because tissue oxidation is artificially distinguished from tissue 
nutrition. 

‘The details of the union of oxygen with the blood will be found 
in the Chapter (XIX.) on Respiration. 

It is then only to the liquid and solid portions of the material in- 
come of an animal—that, in short, which it must bosy itself to obtain 
—that the term “food” is applied, ‘These are introduced into the 
alimentary canal, where the traly nutrient materials are separated 
and prepared for absorption into the blood, while the portions which 
are not useful for nutrition are carried away as excrement, One is, 
therefore, quite prepared to hear that the really nutritious food-stulfs 
ure composed of materials which are chemically like the tissues, 
althongh, as we shall see, we have no grounds for believing that the 
different chemical groups of nutritive stuffs are exclusively destined 
to replace corresponding substances in the body. On the contrary, 
we have good reason to think that within the body the conversion 
of one group into another is very common. 

In Chapter III. the tissues of the animal body were shown to 
consist of chemical compounds, which have been classified into certain 
groups. And it has also been stated that the tissues are constantly 
undergoing chemical changes inseparable from their life, and that for 
these changes a supply of nutritive material is necessary. 

‘The nutriment required for an animal is, then, made up of sub- 
stances which may be divided into the same chemical groups as the 

Y 
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tissues of the body: viz, proteids, fats, carbohydrates, salts, and 


water. So that each of the various substances which we make mse ~ 


of as food, contains in varying proportions several of the different 
kinds of nutrient material, either naturally or artificially mixed so 
as to form a complex mast, the important item water being the 
only one which ia commonly used by itself, These substances may: 
be considered to be the chemical bases of the food, as they are also the 
chemical bases of the animal body. 

The following classification shows the relationships between the 
chief items of nutritious matters, from a chemical point of view, and 
their distribution in the various foods we commonly eat, 


T, Orcas, 
1, Nitrogenous— 
A. Albuminous—abundant in eggs, milk, meat, peas, 
wheaten flour, &c. 
B, Albuminoid—in soups, jellies, &c. 
2, Non-Nitrogenous— 
A, Carbohydrates (sugar, starch)—abundant in all 
kinds of vegetable food, and in milk, and present 
in small quantity in meat, fish, &c, 
B, Fats—in milk, butter, cheese, fat tissues of meat, 
many vegetables, oils, &e, 





II. Ixonoaxic, 
1, Salts—mixed with all kinds of food. 
2 Water—mixed with the foregoing or alone. 


‘The nutritive value of any kind of food depends upon » variety of 
circumstances, which may be thus summed up :— 


I. Chemical composition, of which the main points are— 
(1.} The proportion of soluble and digestive matters (true 
food-stutfs) to those which are insoluble and indigestible 
(euch ns cellulose), &e, 
(2) Tho number of different kinds of nutrient staffs present 
in it. 
(3) The relative proportion of each of these chemical groups, 


Tl, Mechanical Constrwetion.—The relation of the nutrient to 
the non-mutriont parts ix of the greatest importance, as is soem where 
the nutritions starch of various vegetables is enclosed in insoluble 
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cases of cellulose, which, if not burst by boiling, prevent the digestive 
fluids from reaching the starch. 

ILL, Digestibility.—This depends partly upon how the substances 
affect the motions of the intestines, and partly upon their con- 
struction. Thus, some substances, such as cheese, though chemically 
showing evidence of grent nutritive properties, by their impermenbility 
resist the digestive juices, and arc poor aliments, 

IV. [diorncrosy.—In different animals and in different indi- 
viduals, and even in the same individuals under different circum 
stances, food may have a different nutritive value. 

Chemically, then, foods are composed of a limited number of 
elements similar to those found in the animal tissues, viz., carbon, 
oxygen, nitrogen, and hydrogen, together with some galta, If nothing 
more were needed by the economy than a supply of these elements 
and salts in a proportion like that in which they exist in the tienes, 
such could be easily obtained from inonganic sources ; but, as hos 
already been stated, it is necessry that an animal obtain these 
elements associated in the form of organic materials of complex con- 
struction (namely, proteids, &c.) ready made. Allowing the necessity 
of onginic food, it might be supposed that since the elements exist in 
proper ion in the proteids, an abundant supply of proteids 
would auifice for all nutritive purposes, and alone form an adequate 
diet, Theoretically, proteid alone ought to be anflicient for nutrition. 
It, however, haa been frequently tested by experiment, and practically 
decided, that an animal will not thrive upon a free supply of pare 

id food alone; and in the human aubject such exclusive diet 
would induce dangerous abnormal conditions in a short time. Since 
nitrogen in an important element in nearly all parts of the body, we 
could hardly expect that a diet composed of non-nitrogenous food- 
stuffs alone could support the animal economy. In short, the results 
of numerous experiments show that no group of the food-stutls 
already enumerated can alone sustain the body, but rather that a 
certain proportion of each is absolutely necessary for life. 


Spxcran Foras or Foon, 


‘The articles of diet we make use of are animal or wwgetable, 
acconling to the source from which they are derived. It will be 
seen that a varying quantity of all chemical classes of food-stuffs are 

present in most kinds of food, whether animal or vegetable, 


The following diagram shows the proportion of the more important 
¥2 





4 
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food-stuffs in some examples of the materials commonly used as 
food :— 


Proteide. Pots, Carbohydrates, Water, 





Muman milk 





Come milk ...es0e f 





ot i 36 





‘Vig. 42—Dingram showing the see-emaings of the petaril food otal tae Batol 
semeainies,; Ton wenivom batiads fin percentages. Indigestible smatertals are 
‘omitted. 


Among animal foods are included milk, the flesh of various animals, 
and the eggs of birds, These may be more fully described as typical 
examples, 

Milk,—For a certain period of their lifetime the secretion of f the 
mammary gland forms the only food of all mammals, and itis the ome 
natural product which when taken slone affords adequate nutriment. 

It consists of a slightly alkaline watery fluid, containing — 


1. Proteids, in solution. 

2 Fats, finely divided to form perfect emulsion, 
3. Sugar, in solution. 

4, Salts, in solution. 


Owing to the action of certain organisms which readily propagate 
in milk if exposed to the air at a warm temperature for some time, 
it lowes its alkaline reaction, and becomes sour frorn the formas 


=ail 
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tion of Inetic acid from the milk sugar, by a kind of fermentation, 
the probable equation for which may be written thus :— 


C,H, 0, = 20, Hy Oy. 
‘Milk Sugar. ‘Lactic Acid. 


If fresh good milk be allowed to stand, the fatty particles tend to 
float to the surface, thus forming a layer of eream. 

‘The milk of different animals is similar in all essential points, but 
differs slightly in the relative proportion of the ingredients, as may 
‘be seen in the following table -— 

















Milk varies both in the amount of solids in solution, and fat, 
aceonling to the age and 
general condition of the 
anitnal, period of Inctation, 
time of day, &e. 

Since human milk is 
mueh poorer in proteid, 
fat, and salts (see Table), 
and richer in sugar, than 
that of the cow and other 
domestic aninuals, it is ne- 
coossary to dilute the latter 
with water, and add sugar, 
when it is substituted 
for human milk in feed~ 
ing infants. : 

‘The great value of te Sphere 
milk asnutriment depends Pig. #3.—AMicroscopic appearance 
vapor thie fact! that {teon— Sista of lactation, showing, clove 
tains every class of food- 
staff, viz, proteids, fat, carbohydrates, salts, and water, in the pro- 
portion demanded by the economy ; the salts in milk being those 
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required for building up the bones of the infant, viz., phosphates 
and carbonates of lime, ke. 

‘The normal variations in these proportions are not very great, but 
‘na artificial modifications of the per-centage of water are common, & 
Knowledge of the method of testing the purity of milk is necessary, 

Mitk Teste,—The specific gravity of milk gives an easy measure 
of the solids in solution, but unfortunately it gives no estimate of the 
amount of fat suspended in the enulsion. Therefore, to test milk 
adequately two methods must be employed : one to estimate the degree 
of density of solution, and the other the degree of opacity of the 
emulsion. 

I. To test the density, a specially graduated form of hydrometer is 
generally used. This is graduated so as to indicate specific 
from 1042 to 1014. ‘The former being the maximum density of pure 
milk, the average being about 1030, and the latter being about the 
density of pure milk when mixed with an equal bulk of water. 
Every reduction of 3 in the specific gravity may be said to correspond 
to abont 10 per cent. of water, 

IL. ‘The degree of opacity is estimated by the amount of water 
reqitined to render a small quantity of milk sufficiently translucent to 
allow a candle-flame to be seen through a layer of the mixture one 
centimetre thick. One cubic centimetre of the milk (whieh has been 
shown by the microscope and the iodine test not to contain chalk or 
starch) is placed in a test-glass with flat parallol sides, just one centi- 
motre apart, and water is cautiously added from a graduated pipette, 
‘The more water required the richer the milk is in fat ; good fresh 
milk requires about 70 times its bulk of water to become translacent. 

Another method employed for the sume purpose consists in the 
comparison of the colour produced by a thin layer of milk in a black 
coll with @ previously prepared standard of greyish colours, 

‘The quantity of fat may also be estimated by placing the milk in 
‘a tall graduated vessel for twenty-four hours, at the end of whith 
ne it should show at least 10 per cent. of cream. 

Butter is made from milk, or better from cream, by breaking by 
agitation the coating of proteid which before churning prevents the 
oi] globules from running together, Itis almost completely composed 
of fat, the larger globules having run together to form the solid 
butter, which ean be removed, leaving rome small fat globales with 
the proteids, milk sngnr, lactic acid, and salts in the water forming 
* butter milk.” * 





* Doe the details of sorretion of milk, &e., see Mammary Glas. 
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Cheese is another form of food made from milk by precipitating the 
proteid either by lactic fermentation, or the addition of rennet—an. 
extract of calves’ stomach which, without the presence of any acid, 
curdles mitk—and draining off the solution of milk sugar, and salts 
(“whey”). It contains most of the proteid, and a great deal of the 
fat of the milk, During the ripening of the cheese more fat is 
formed, apparently from the proteid, while leucin. and tyrosin also 


appear. 

Meat.—We use the flesh of the vegetable-feeding mammals and 
binds that are most easily obtainable, and many kinds of fish, The 
invertebrate animals, mostly shell-fish, need hardly be mentioned 
in a physiological dietary, and are not spoken of as meat. 

As it comes from the butcher, meat consists of many of the animal 
tissues, the chief ones being flesh (muscle tissue), fat, and some 
sinew (tibrous tissu). The fleshy or lean part of meat is chiefly 
made up of nitrogenous materials, and contains: (1) Several pro- 
telds, chiefly the globulin, myosin; (2) gelatine yielding substances ; 
(8) carbohydrates, glycogen, and sugar; (4) small quantities of fat ; 
(5) several inorganic salts ; (6) extractives, 

‘Meat may be eaten raw, but as it is impossible to impart to it the 
various flavours which our artificial tastes demand without some 

‘ial preparation, it is generally cooked before use. Moreover, the 
not infrequent occurrence in muscle of parasites which would prove 
injurious if swallowed alive, wakes the exposure of meat to a tem- 
perature high enough to ensure their destruction advisable, 

Apart from pleasing the taste, it is of great importance ao to pre- 
pare meat as to preserve in itall the nutrient parts, many of which 
are soluble in water, and therefore are apt to be removed if that sol- 
vent be injudicioualy used. Thus, the process of roasting, in which 
all its nutrient parts are retained, ought to be more satisfactory than 
‘boiling, by which the salts, extractives, carbohydrates, gelatin, and 
some albumin may be dissolved by the water. However, if the meat 
‘be plunged into water which is already boiling, the proteids near the 
surface are rapidly coagulated, and the water cannot reach the central 

in sufficient quantity to remove even the soluble ingrediente. 
‘The whole of the albuminous parts may be thus coagulated as the tem- 
perature of the inner parts rises to boiling point. In treating meat 
to obtain “stock” (“bouillon”) for the foundation of soups, the 
opposite procedure is adopted. Cold water is used, and the tempera- 
ture slowly and gradually raised, but not quite to boiling point, in 
order that as much as possible of the soluble materials may be ex- 
acted, and a testeless friable muscle tissue remains, (bouilli”). 
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As the fluid is generally allowed to boil in order to clear it, mueh of 
the proteid material which was dissolved in the earlier stage, is congu- 
lated and removed with the seum, Although “stock " cannot con- 
tain any great proportion of the most important constituents of meat, 
it is of much value as a nutriment in medical practice, possibly os 
account of some stimulating action of its ingredients upon the motions 
of the intestines and heart. A strongly alluminous extract of ment 
“ beef-ten,” may be made by digesting flesh in a small quantity of 
water, and keeping the temperature below that at which albumin 
eoagulates, and adding vinegar and salt to facilitate the formation of 
syntonin and the solution of myosin. ‘The salt can be then removed 
Dy dialysis. 

Eggs. Eggs consist of two parts, one the white, composed of 
albumin, and the other, the yolk, chiefly mace up of fat, 

‘The white is a concentrated watery solution of albumin, held toge- 
ther by delicate structureless membranous meshworks Besides the 
albumin it contains traces of fut, sugar, extractives, and salts, 

‘The yellow fat emulsion of the yolk contains a peculiar proteld, 
vitellin, some grape sugar, and some inorganic salts, in which com> 
binations of phosphoric acid and potassium are conspicnous, Raw 
eggs are difficult of digestion, as is all uncooked albumin. Hant 
Dolled eggs, if not finely divided by mastication, are also very ditli- 
cult to digest, for the gastric juice cannot penetrate the hard masses 
of coagulated albumin which are so easily and commonly swallowed. 
Eggs, when lightly cooked, are easily digested, as the albumin is 
alrealy coagulated, and cannot be introduced into the stomach in 
Jorge masses, Exgn are of very great nutritive value, as they con- 
thin ao lnzgo m percentage of proteid, fate, and mits, 

Vegetable Food.—Vegetables differ from aniinal food -— 

(1) In containing a much greater proportion of material which for 
man is indigestible (cellulose), and a leas proportion of real nutritive 
material, 

(2) The per-centage of proteid ix below that of animal food, and 
the proportion of carbohydrates is generally much greater, while 
tho amount of fat is small but varies considerably, In order therefore 
to get the required umount of nutritive material from a purely 
vegetable divt, it in necemary to consume a much greater quantity 
and the amount of excrement indicating the indigestible matters is 
proportionately inereased. 

Cereals—-The most valuable forms of vegetable food are those ob- 
tained from the seeds of certain kindred plants (Graminocen) 
Wheat, rye, maize, oats, rice, &e,, whieh when ground are used 
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either as “ whole meal,” or, the integument (“ bran") being removed, 
aa flour. They contain different kinds of proteid. (1,) A native 
albumin soluble in water and coagulable by heat, and in many re- 
spects like animal albumin ; but as it cannot be obtained pure it ia 
imperfectly known. (2) Vegetable fibrin, an clastic body, which 
spontancously and is difficult to separate. (3.) Vegetable 
glue or gliadin, which gives the peculiar adhesiveness to the gluten, 
as the proteid mixture obtainable from corn is commonly called. 
Cereals also contain traces of fat, and a very lange proportion of 
starch and some salts, 
‘The following table gives the per-centages of the chief different 
‘nutritive stuffs in some common cereals ;— 








Malze. | low | 
rr} 220 
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Green Vegetables. —These contain some starch, sugar, dextrin, salts, 
and minute quantities of proteid, and are of small nutritive value. 





ig. #4 Seston of Pes showing starch and aleurone granules ined 
‘tho protoplast of the enlls, (After Sucks, 


@—Alourone: iain Starch granules, f, ita paces. 


Potatoes contain very little proteld, but a considerable quantity 
of stareb, upon which their nutritive value almost entirely depend 
‘The following table gives the relative proportions of the various 
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nutritive featerials contained in some of the common vegetable 








‘The most striking points are the very large proportion of protedd 
in the leguminous fruits, and the comparative richness of all vege- 
tables in starchy food-stuifs. 

Water ix the great medium by the solvent power of whick food 
is made capable of ingestion, Spring water always hus a certain 
quantity of Mine and other salts in solution, and in proportion to the 
amount of salts is said to be more or leas hard. Water is tasteless, 
inodorous, and colourless when pure. Soft water, such as main water, 
is pure, but not eo agreeable to taste as spring water, and is very 
liable to contamination in its passage over roofs previous to collec 
tion, Standing water should be avoided for drinking, owing to the 
probability of its containing organic matter. 

Salts,—Great varictics of salts are taken into the system, of whick 
chloride of sodium forms the langest proportion. These have ne 
doubt very important functions to perform, in entering into combina- 
tion with the various tissues, and also probably in aiding the chemi- 
cal changes of parts of which they do not form « normal constituent. 
‘They help to render certain substances soluble, and’stimulate the cells 
of certain glands to more active secretion, ¢g., the kidney exeretes 
more urea when there is an abundant supply of common salt in 
the food, 


CHAPTER V1. 


THE MECHANISM OF DIGESTION. 


‘Tue acts of digestion may be divided into mechanical and chemical 
processes. Under the mechanical processes come the arrangements 
for the subdivision, onward movement, and general mixture of the 
food. The chief objects of the chemicat changes may be said to be the 
change from the insoluble to the soluble form of certain kinds of 
food-stuffs (starch, proteids) and the finer subdivision of others, 
euch as fats, which do not dissolve in the intestinal or body 
iuices, 

Attention has already been called to the fact that there are different 
kinds of contracting textures, and that they are capable of different 
kinds of motion, some slow and steady, some rhythmical, some sharp, 
short and mdden. It must also be remembered that the more 
energetic and sudden the motions are, the more marked becomes the 
differentiation of the tissue. Thus the active, quick-contractiny 
ekeletal muscles and the rhythmically acting heart, are made up of 
tissue which is very distinct in structure and in mode of action 
from that of the contracting cells composed of ordinary protoplasm, 
while in the slowly moving internal organs we meet tissuc elements 
which in different animals show many stages of gradation between 
simple, indifferentinted protoplasm and the special striated muscle 
tissne. 


‘It is necessary that in the first stages of alimentation the motions 
should be quick and energetic ; so the mouth, pharynx, and upper 
part of the esophagus are supplied with striated muscle tissue, which 
differs in function ani structure from that of the rest of the 
alimentary canal. In the stomach and intestines the slower and 
more gradual kinds of motion are required, and here we find « good 
example of non-striated muscle tissue. 

Around the extremity of the rectum is a band of smooth muscle, 
which remains in a condition of persistent or tonic contruction. 

For further details concerning the muscle tissue the svadent mask 
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turn to the Chapter (p. 366) on that subject, Here, however, it 
may not be out of place to describe briefly the special charucter of 








Pie. 4.—Dingram of Alimentary Tract. Angles of mouth slit to show the tack of the 
ured evity amd the top of the pharynx. (¢) Cantiae; (p) Pytorte parte of 
stomach; (a) Doodenum  (F) Jejunur and Ive ; (oe) Amcemitingg, (te) ten 
‘worse, and (4c) descending colon ; (r) Rectum ; (x) Anus, 


tho muscles found in the wall of the digestive tubs and their general 
arrangement. 
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Mastication.—In man, the introduction of food into the mouth 
is generally accomplished by artiticial means, ao that the biting teeth 
(incisors) and the tearing tecth (canines) are comparatively little sod 
for obtaining a suitable morsel of food (Fig. 46). In the mouth the 





Fig, 46,—Transverse n0c- 
‘tion of the Canine 
‘Tooth of a man. 
(a) Baamel ; (0) Dens 





‘ino (¢) Pulp cavity : 
(4) Crusta petrosa. 
{Cadint,) 


all-important uct of chewing or mastication is accomplished by 
means of the motions of the lower jaw, the tongue, and the cheeks, 
‘This process of breaking up the solid parts of the food ought to be 
continued until all hard substances are ground into a soft pulp. 

Structure of the Teeth,—The exposed part of the teeth is covered 
‘by a dense substance of flinty hardness called enamel, which ia 
developed from the epithelium, and consists of hexagonal prisms 
set on end, which are really modified epithelfal celle but only 
contain about 2 per cent. of animal matter (Fig. 47). The bulk 
‘of the tooth ie made up of dentine, a substance like bene in composi- 
tion, pierced by numerous fine canals —dentine tubes —which 
radiate towards the surface, from the pulp cavity, in the centre of 
the tooth, Processes of protoplasm run in the dentine tubes from 
the tooth cells, which line the pulp cavity and preside over the 
nutrition of the tooth. The cavity contains vessels, nerves, &c., 
which enter at the root of the tooth which ix enclosed in a kind 
of modified bone tissue called crusta petrows, 

‘The two rows of grinding teeth, molars and premolars, (one on each 
ide) of the lower jaw are made to rubagainst the corresponding Weal 
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ee ee 
Ses ree Tee 
trie, the genio- and mylobyesd 
muscles, which by their cotn- 
hined force depress the jaw 
and separate the teeth. 
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forwanl so as to 
lower teeth protrude be 
youl the upper, Im this 
action they are opposed by 
the digastric and hyoid mas 
clea One external pterygoid 
‘Fig. 48.—Sertion through a portion of the fang on either side acting alone, 

‘of « tooth, (a) Dentine tubules near tho atvances that side of the 

surface of the fang; (6) Granular layer 

(@) Crust petzom. lower jaw only, and thereby 

causes the lower teeth to 

cline towards the oppesite side in a lateral direction, The 
autelos neting alternately cause a horizontal motion from side to 
side, Thus, while the lower teeth are pressed firmly agninet the 
upper ones they are at the same time made to glide over them, 
from side to side or backwards and forwards. By these movements 
the bruised food is soon pushed from between the teeth, and passes 
towards cither the tongue or check, The morsel is soon replaced 
‘Detween the teeth by the action of the tongue on the one hand amd 
the boceinator muscle in the cheek on the other, 

While the process of mastication is going on, the food becomes 
thoroughly moistened with the fluid secreted within the mouth, 

Degtutition,—The next step is wallowing, When the food is anffl- 
clently triturated and moistened it is collected together by moans of 
the tongue, and placed upon the upper surface of that ongan, whieh 


ae. 
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becomes concave and presses or rolls the soft pulp against the hand 
palate so as to shape it into an oblong massor bolus(Fig. 61). The apex 





Pig, 49. —Seetion through a portion of dentine next the pulp cavity of a growing tosth. 


(e) An isolated odontoblast ; (6) Growing part; (¢) Odontoblaxta% (#) Fila 
ments of protoplasm projecting from the tubnles of hani dentine, (Bentoe.) 


of the tongue is now raised and pressed against the hard palate, and by 
the successive elevations of the different parts of the dorsum of the 





Fig. .—Tho Pterygoid Muscles secn from without after removal of the superficin 
‘parts, the temporal musele, the xyomatio arch, and « portion of the lower jaw 
fod mameter, (1) External, (2) Internal pterygoid muscle, 


tongue the bolus fe gradually pushed backwards towards the isthmus of 
the fancea, The root of the tongue with the hyoid bone is at the mame 
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time drawn upwards and forwards, po that the bolus easily slips down 
along the retreating slope leading from the mouth cavity, and gets 
within the reach of 
the constrictors of 
the fauces. Imme- 
diately before the 
anorvel of food is 


wands to completely 
clow: the posterior 
openings of the nasal 
cavity, a8 is chown 
by the fet that 
during the act of 
«wallowing the pres- 
saw in the 
cavity ja raised. At 
the same moment 
the intrinsic musclos 
of the larynx, whieh 
surround the rima 
glottidis like a 
vonstrictor, firmly 
close that opening 
Pig. 51, —Msclos of Tongue and Poarymx, by approximating 
1. % 3, Muscles from styloid perocme (8) to the tongue, the cords and aryte- 
hyold beae (4) and pharrax respective 4,5,9,7, 8 noid cartilages. The 
13, soingwa; 15,6 placed en Maryn (1). (Allen entire larynx is ab 
‘Thomece.) thesame time draws 
up behind the hyaid 
bone by the thyro-hysid muscle. Therima glottidis ix thus tucked in 
under the eushion of the epiglottia, while the leaf of the epiglottis 
is patled down over the larynx by the oblique aryteno-epiglottidean 
and thyro-epiglottivean muselos 
While the closure of the nasal and pulmonary air parsiges is going 
on, the bolus has passed ont of the cavity of the mouth and has been 
caught by the palato-glosaal and palato-pharynyeal museles whieh force 
it into the pharynx, and at the sume time close the isthmus fanchum 








DEGLUTITION, $1 


behind the descending morsel. ‘The stylo-pharyngeis and the pharyn- 
geal constrictors now grasp the bolua spasmodically, and the latter 
contract in rapid succession, moving the bolus onwanls, and drawing 
themselves over it, pase it on to the oesophagus, whore, by a progressing 
ring-like contraction of the cirenlar muscles and a simultaneous 
shortening of the longi- 
tudinal layer of fibres 
the mass is slowly 
aqueezed down to the 
cardiac orifice of the 
stomach, The movo- 
ments of the  cso- 

phagus are essentially 
peristaltic in character, 
the peculiarities of 
which form of motion 
will be diteuseed when 
speaking of the intes- 
tinal movements, 

‘The entire process of 
swallowing is a contin- 
uous series of co-or- 
dinated muscular acts, 
quite independent of 
gravitation, as may be 
seen in animals drink- 
ing with their heads 
downwanls, Although 
all the complex sets of 


movements follow each 
other perfectly evenly Fis: 9%.—Deep Musctow uf Check, Puryns, ee. 
fai withont any check 0°) Cmte ae 3, at, i: 
or pause, the act of de- pharynx; (6) mvophagus; (7) styloid muscles cut 
glutition ix commonly —— crom:; (5,9, 10) muscleraitached tothe hyoid bone 
Ailvided into three xo. (1! A! Pirro curtilage (¢). (Alen Thomson.) 
called stages, between which, however, it is by no means casy to 
draw a hard and fast line. 

The first #tage is simply the initiatory step of placing the morsel 
of fool or some liquid in such a position as to excite the second or 
spasmodic act of deglutition, This first step is a voluntary act, and 
itis the only part of the movernents of swallowing over which we 
have any voluntary control. The progress of the morwel between 

o 
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the tongue and palate towards the fauces may be as slow and gradmal 
as we wish, but the moment a certain point is reached volition is at 
an end, and we are unable to check the completion of the act. 

By the second stage is meant the period occupied by the passage of 
the food bolus through the pharynx and past the top of the larynx. 
E Although we are notable to 
influence it in any way by 
our will, we are eonacions 
of the food passing in thin 
region. It is a rapid in- 
voluntary spasna in whieh 
i great number of muscles 
take part, all of whieh are 
made up of striated muscle 
lisse. 

The thint stage includes 
all the reat of the time 
during whieh the bolus is 
pwsing from the grasp of 
the lower pharyngeal com- 
strictor and along the coso- 
phagua Not only has our 
will no intluence over thie 
stage of deglutition, bat 
we are hardly conscious of 
its taking place, since no 
sensations accompany the 
greater part of it, Thus 
the more essential move. 
ments of the act of awal- 





Fig, $8. —Treaveine seotion of GBaophagus, 
(Horsley,) 


% Outer Murvas covering, lowing are purely reflex 
. Huntlen of a muselo rut acm and involantary, 

« ‘Tranererse ‘coat cut obtiquel . 

& ab-esnrow eiat with glands fa sexton. we can call forth this series 
6 Muscularis mune, of reflexions by voluntary 
Finis yaaa) with eh cenene, stimulation of a certain 


‘g. Blentitiod epithelini. pert of, tbs scShasane 


tneans of a morsel of food or a drop of liquid, And without such o 
stimulus ns food or liquid we cannot by our will excite «wallowing. 
We think we can perform the muscular moveronta of swallow. 
ing when we ploase, without any food or flaid, but in thin weare 
nistaken, a carefal observation of our own performanee of the act 
will bow, 
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‘The pharyngeal spaam is always preceded by the deposition in the 
region of the isthmus faucium of some drop of suliva collected from 
the mouth or fances themselves, In fact, without a slight proliminary 
movement of the posterior part of the tongue—which might be called. 
the last act of mastication—the more essential stages of deglutition 
cannot be excited, 


Nenvovs Mecwaniaa.—The voluntary influences which regulate 
the motions of the muscles of mastication pass along the efferent 
Inunches of the fifth nerves (trigemini) which accompany. ita 
inferior division. The muscles which depress the jaw to open 
the teeth and the intrinsic muscles of the tongue are supplied by 
the ninth pair of nerves (except the posterior belly of the dignstric, 
which has a branch from the facial, and the mylohyoid and anterior 
belly of the digustric, which are supplied from the third division of 
the fifth). The co-ordination of the movements of mustication and 
suction seem to reside in the medulla oblongata, but are obviously 
ander the control of the will. 

The atferent impulses which excite the nerve centres in the 
medulla, and give rise to reflex acts which cause the swallowing 
movements, pass from the mucous membrane of the fances along (1) 
the descending palatine branches of the spheno-palatine ganglion and 
the second division of the trigeminus, also along (2) the pharyngeal 
branches of the superior laryngeal branch of the vagus to the medulla, 
where the co-ordination of pharyngeal spasm and cophageal peri- 
stalsis ix accomplished. Thence the efferent impulses pass along (1) 
the hypoglossal to the hyoid and glossal muscles, (8) the glosso- 
pharyngeal and vagus to the pharyngeal plexus to aupply the con- 
strictors, and (3) along the facial and fifth to aupply the fauces and 
palate, as indicated by their anatomical distribution. 

‘The act of deglutition can be readily excited in an animal which is 
deprived of all the nerve centres down to the medulla oblongata, 
and may also be seen in those human monstrosities (anencephalous 
foetus) which are born without the upper part af the brain being 
developed, but can both suck and swallow. 

‘The movements of the asophagus are reflections from the central 
nervous system (medulla), both sets of impulses (possibly the afferent 
and certainly the efferent) passing along the branches of the vagus. 

Tt would appear that the normal peristaltic movements of the aso- 
phagns ore always initiated by a pharyngeal spasm, and that. they 
form an inseparable sequel to it, Thus the wave of contraction 
passes along the entire length of the wsophagus, even when the bolus 
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is stopped mechanically, and on the other hand a body introdaced 
into the @sophagus without passing throngh the pharynx excites no 
peristaltic wave and remains motionless, 

But it hos been observed, in apparent contradiction to the fore 
going statement, that the @sophagus when removed from the body, 
and therefore quite independent of the pharynx and its nervous 
connections, can he excited to move peristaltically, In this case the 
medulla or vagua can have no part in bringing about this wave of 
movement, ‘To explain this discrepancy it inay-be unged that the 
local nerve and muscle mechanism in the tissucs of the asophagws 
are capable by themselves of carrying out peristaltic contraction inde 
pendently of the central nerve ongans, but that this power is, under 
ordinary circumstances, held in check by the vagus. The inhibition 
is temporarily suspended as a sequence of pharyngeal xpasm, anid 
consequently a wave of 
contraction is excited in the eso 
phageal muscles, either in re 
sponse to the direct stimula of a 
passing bolus, or as a result of 
impulses reflected along the vague 
channels from the medulla 


Morion or Tite Sromact 
—The stomach and greater part 
of the intestinal treet move 
freely within the abdomen, being 
covered by the smooth serous 
lining of that cavity, which 





Fig. S4—-Diagram of Wall of the Stomach, 
showing the relative thickness of the 
‘Tues membrane (4, 6, ¢), and the 


also keeps in position, 60 as to 
restrict their movements, thow 
parts, such os the duodenum, 


transverse (7), oblique (/), and lon~ y 
itudinal muscle Mares, into which the dicts of 
glands open. When the 
is empty it hangs with the great curvature downwards, and the 
sunecular coats ure quiescent. On being fillod it is 
rotated on its long axis, so that the greater curvature is turned 
forwards, hore meoting with leas resistance, and the lesser etryne 
ture ds turned backwards to ite line of attachment, In the main, 
the motions of the stomach are peristaltic. They become very active 
aboat fifteen minutes after the introduction of food, and gradually 
become more and more enengetic until the end of stomnch digestion, 
which Insts about five hours 


seal 
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‘The result of the peristaltic motion is to move the food, particu- 
larly the port next the gastric wall, along the great curvature towards 
the pylorus A buck current towards the cardine extremity has 
been noticed running along the lesser curvature, and the median axis 
of the food mas. At the same time a peculiar rotatory motion of 
the gastric wall takes place, similar to that of rolling a ball between 
the palms of the hands, ao that the food is twisted in a given direc- 
tion, and the deeper lying portion is brought into contact with the 
mucous membrane, 

While the fundus keeps up considerable pressure on the contents 
of the stomach, the indistinct peristaltic action of the central parts is 
intensified on nearing the pylorus into a strong circular contraction, 
which proceeds as a definite wave towards the pyloric valve, through 
which it gradually forces the more or less digested food, At first 
only the fluid parts are allowed to pass, but towards the later stages 
of digestion the fatigued pyloric muscle admits solid masses into the 
duodenum. 


Nenve Ixetvusce ox Stomach Morioya—The stomach has 
nerve connections with the cerebro-spinal axis through the vagi, and 
the splanchnic branches of the sympathetic, and in the walls of the 
organ itself are numerous ganglion cella. The sympathetic connec- 
tions do not seem to have any influence on the musertlur coats, for 
neither their stimulation nor section has any marked effect on their 
movements. If the vagi be severed, stomach contractions still occur, 
‘but no form of local stimulation produces the normal gastric motions, 
even if the organ be quite full of food, therefore it would appear that 
the local nerve centresare not sullicient to excite the normal rhythmical 
muscular action, Moreover, stimulation of the cut vagi leading to 
the stomach causes active movements when the stomach is full. 1t is 
‘not merely the presence of food that produces the movements, aa is 
‘shown by the fact that the motions increase as the contents of the 
stomach diminish, but conditions incidental to digestion (hyperwmia, 
Ke.) probably also act as a stimulus, 


Voxrnne is the ejection of the contents of the stomach by means 
of « convulsive action of the respinitory and abdominal muscles 
associated with an abnormal contraction of the stomach wall, which 
aids in opening the cardiac orifice while it keeps the pylorus firmly 
closed, 


‘The act of vomiting is commonly preceded by (1) a feeling of sick~ 
ness or nausea, (2) a great secretion of saliva, (3) etching, The latter 
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consists in a violent inspiratory effort in the midst of which the root 
of the tongue and larynx are raised and the rima glottidis emidenly 
closed #0 a8 to prevent air entering the wind-pipe, The inspiratory 
muscles atill acting, and the pharynx and upper part of the wsophagus 
being held open, air is drawn into the gullet und dilates this tube 
nearly as far us the opening into the stomach, .A contraction of the 
muscle fibres radiating from the meophagus over the stomach, thes 
opens the cardiac orifice and allows some gas to escape. Now the wet 
of vomiting is completed if at this moment—the moath and 

being open, the larynx closed, the o#ophagua on the stretch, the 
canting orifice relaxed, and the pylorus firmly closed—-the expiratory 
muscles forcibly contract, and, pressing upon the abdominal ial 
give a sudden stroke to its contents so as to empty the stomach. 

wall of the stomach also contracts evenly throughout, but not “a 
any forcible anti-peristaltic action such as would greatly aid in the 
operation of rapidly ejecting the vomit. The chief object attained 
in the adult by the action of the muscular cont of the stomach seems 
to be the relaxation of the cardiac orifice. In children, when 
the fundus is little developed, and the fibres radiating over 
the stomach from the msophagus are numerous and strom, 
the act of vomiting requires less effort on the part of the reapines 
tory museles, the frequent puking of suckling infants being accom 
plished by the guatric muscle alone. When the vomit is emitted, 
the hyoidean, laryngeal, and aeck muscles relax, and the air 
ia forcibly driven out of the partially distended lungs so as to 
clear away any remaining particles from the upper part of the air 





q Vouiting ix usually caused by irritation of the stomach 
itself, and may be induced by either anechanical, elvctrical, 
or chemical stimulation of the mucous membrane, In this way 
some emoties, such a mustard, sulphate of copper, &c., act It 
may also be caused by intestinal irritation, as when a hernia 
is strangalated, or the mucous membrane irritated by intestinal 


‘wort, 

Gentle stimulation of the fauces and neighbourhood of the root of 
the tongue commonly induces vomiting. the early stages of 
pregnancy the wnusual condition of the uterus causes frequent 
vomiting, whieh is known as morning sickness.” The irritation af 
a caloulus passing throngh the ureter, or # gall-stone impacted in the 
Lule duct, commonly excite vomiting. Injuries of thu brain, and 
payehical impressions, particularly those excited by the sense of 
muell or unusual disturbance of ojuilibrium, may give rise to vouit- 


=" 





INTESTINAL MOVEMENTS, 87 


ing. Moreover, a number of medicaments, as apomorphin, emetin, 
&e., cause vomiting if introduced into the blood, 

From the foregoing facts it appears that vomiting is a complex and 
irregular muscular act, which may be induced by the stimulation 
of various parts of the internal surfaces of the body, particularly 
those which receive branches from the vagus nerve. 

One would therefore be inelined to suppose that some afferent nerve 
channela exist in the vague which bear impulses to a vomiting nerve 
centre and excite it, so as to cause it to send forth peculiar and irre- 
gular impulses to the rspirutory, gastric, and other muscles, and 
give rive to their characteristic spasm, 

Inshort,itwould scem to bearellex act, the afferent impulses of which 
pass to the modulla oblongata by the vagus, and the efferent impulses 
are conveyed by the ordinary spinal nerves to the respiratory muscles, 
by the vagus to the pharyngeal, laryngeal and gastric muscles, and by 
the fifth, seventh, and ninth nerves to the palatine, facial, and hyoidean 
muscles. This vomiting nerve centre must lie in the medulla, in 
very close relationship to the respiratory centre, with which it nearly 
corresponds, This centre may bring about the whole sequence of 
events known as vomiting when stimulated either directly by 
poitona, contained in the blood, indirectly through the vagus, or even 
from the higher centres by emotions or ideas, Section of the vagi 
renders vomiting irapossible, as it cuts off both the commonest source’ 
of stimulus going to the centre, and also the important efferent im- 
pulses which cause the muscle coat of the stomach to contract and 
to open the cantiao orifice. 


Movesesrs oy tHe Inrestixes—The muscular coats are eome- 
what differently arranged in the small and the large intestines, but 
haye the same general relation to each other, viz, a thin longitudinal 
layer lying externally, next the serous membrane, and a layer of aire 
cular fibres considerably thicker lying internally under the mucous 
membrine. In the lange intestine the external longitudinal 
fibres are collected into three bands placed at equal distances 
one from another, which, being rather shorter than the remainder 
of the intestine, throw the intermediate part into a sericea of 
pouches, 

It is in the small intestine that peristaltic motion of tho most 
typical kind occurs, A wave of contraction passes from the pylorus 
along the cirenlar fibres, so as to look like a broad ring of constric- 
tion progressing slowly downwards. 

‘The longitudinal fibres at the same time contract so as to shorten 
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the piece of intestine immediately below the ring of constriction, 
and also cause a certain amount of rolling movement of those loops 
of intestine which are free enough to move. 

‘Thia motion takes place periodically in proportion to the amount 
and character of the contents of the intestine, the food passing over 
the mucous membrane being to 
allappearanee the stimuluswhich 
normally calls forth and intensi- 
fies the action, 

‘The activity of the peristaltic 
movements varies with many eit 
cumstances besides the contents 
of the intestines. Of these the 
most noticeable is the amount 
and charneter of the blood flow- 
ing through the vessels of the 
intestinal wall. Tliua stoppage 
vf the blood current by tying the 
arteries or deficieney of oxygen 
Tm Owe Sal of waning 214 excess of carbonic acid eaen 
inonlinate activity of the peri- 
>, Lickerkthn's Glands, staltic action, Direct irritation 
© Mumularis munam, below which of the nerous surface of the ine 

testine, with mechanical, cherl- 
. hrc }aertindie mtg cal, or electrical stimuli causes 
+ Cireular muscle Mores cut across also increase in the movements of 
the intestine, 











tow it. 
fi: Lempttudinal muscle titres. The great activity of the 
9 Berous coat. motion observed when the abdor 

minal cavity of @ recently killed 


animal is opened depends partly on the exposure to cool air, and 
partly on the venous chanicter of the blood in the vessels no longer 
oxidised by respiration. : 
‘Tho irregular and impetuous action of the intestine which follows 
the constriction or strangulation of a hernial protrusion, chiefly 
on the mechanical effect, but aleo ia probably intimately 

related to the interference with the blood supply consequent on the 
exerted by tho conatricting band. Prolonged over-work 

often induces immobility of the intestinal wall, and hence we find the 
purging and vomiting, which accompany a temporary hernial eon. 
striction, followed lyy inability of the intestine to propel its contents, 


is 
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‘These points have also been proved by results of experiments on the 
lower animals, 

‘The movement of the large intestines are the same as the «mall, 
but not so obvious, owing to the modified sacculated shape of this 
partof the alimentary canal. The contractions of the colon begin at 
the ileo-cereal valve where the peristaltic wave of the ileum conses, 
‘The normal intestinal motions thus past in an almost uninterrupted 
wave from the pylorus to the end of the gut, but when special sources 
of irritation exist, a wavemay originate in almost any intermediate part 
of the intestine, A reversed “ anti-peristaltic motion,” as it is called, 
only ocenrs asa result of some intense local stimulation, such as the 
strangulation of a hernia, &e. 

‘The motion produced by the substances contained in the intestine 
depends on their character. The solid parts excite more rapid move+ 
ee and the more fluid portions but slightly influence the intes+ 


‘Thus the solids which make their way through the pylorus are 
seldom to be found in the jejunum, no matter at what period after & 
meal the animal be killed, whereas the folds of the mucous mem- 
‘rane are always bathed in a fluid creamy material during the entire 
bow of digestion, and even for a considerable time after all the food 

left the stomach, 





Mecuasisa or Deraccation.—This is a point of much import- 
anee, for the evacuation of the lower bowel ix intimately connected 
with feelings of comfort and health, and the insuring of its accom- 
plishment, in illness, forms an essential part of the physician's duty. 

‘The movements of the intestine cause the various excretions and 
indigestible parts of the food to pass towards the sigmoid flexure of the 
colon, where their onward motion is checked for a time by the strong 
clrewlar muscle of the rectum (called the superior sphincter, or 
tertius by Hyrtl), which does not carry on the peristaltic wave, The 
materials here get packed into a more or less solid mass, which is 
gradually augmented after cach meal. 

‘The lower outlet of the alimentary canal is closed by two distinct 
sphincter muscles. One thin external superficial muscle, made 
up of striated fibres, belongs to the perineal group, and has little in- 
fluence on the closure of the anus The deep or internal sphincter, 
which is much stronger, surrounds the gut for rather more than an 
inch (3 centimetres, Henle) in height, and is one quarter inch thick, 
Tt fs made of smooth muscle, and therefore capable of prolonged 
(tonic) contruction, It would appear, however, that this strong 
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sphincter is a supernumerary guand to the anal orifice, which is but 
rarely called into action, for during the interval of rest between the 
acts of defiecation, the feces do not come in contact with the portion 
of intestine surrounded by this muscle. The reetam for quite 
one inch above the sphincter is perfectly empty, being kept free 
from fweulent particles partly by a fold of the intestinal wall, and 
partly by the repeated action of the voluntary muscles in the 
neighbourhood, which by intensifying the angle that exists at this 
point, and flattening this inch of rectum, can squeeze back the 
approaching matters. Anyone familiar with the digital examination 
of the nnevacuated rectum, knows that no fieces are met with for 
about two inches, 

Considerable accumulation may take place in the sigmoid flexure 
without much discomfort ensning, but when the rectum ix distended, 
an urgent senaation of wanting to empty it is experienced, and the 
voluntary movements mentioned above, are performed by the levator 
ani and the neighbouring perineal muscles, with the object of pre- 
venting any substance reaching the part of the rectuun immediately 
above the sphincter. 

Ifthe rectum be distended with fluid, the occasional anal elevation 
docs not suffice to keep it back, and @ continnous aml combined 
action of the sphincters and levator ani, &e., is necessary to wand off 
the expulsion of the contents, 

When the lower bowel is habitually emptied at the «ame hour 
daily—a habit which should be carefully exercised—the sensations of 
requirement to go to stool occur with great punctuality, or can be 
readily induced by the will, so that normal defweation is reputed 
to be, and practically is, a voluntary act. But not completely so, for 
somewhat like swallowing, the later stages of defweation, oomtint 
ementially of « series of involuntary reflex events which we ean 
initiate by the will, but when it is once started, are powerless to 
modify until the reflex sequence is completed. 

Under ordinary circumstances, the evacuation of the feces is eom- 
menced by the voluntary pressure exercised on the abklominal contents 
Uy the reapimtory muscles, ‘The diaphragm is depressod, the outlet 
of the air passages firmly closed, and the expiratory museles thrown 
into action, while at the sume moment the muscles which close the 
pelvic outlot relax, and allow the anus to descend, so that the inferior 
angle of the rectum is straightened, and « volontary inhibition of the 
sphincter is brought about. This voluntary expiratory effort seldom 
requires to be continued for more than three or four steonda before 
some fiecal matter reaches the part of the rectum just above the 
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sphincter. When this has occurred, no further abdominal pressure 
is necessary (except when, the masses of feces are large and hurd), for 
the local stimulus starts a series of reflex acts which carry on the 
operation. ‘These consist of an increased peristaltic contruction of the 
colon and sigmoid flexure, the waves of which pass along the rectum. 
‘These waves are accompanied by synchronous rhythmical relaxation 
of the sphincter, which replaces its normal condition of tonic con 
traction, 

‘The effect of the voluntary effort, und the amount of the abdominal 
pressure required, depend upon the consistence of the fmces. When 
quite fluid, they constantly tend to come in contact with the sensitive 
point of the rectum, and a voluntary effort is required to prevent the 
reflex series of events from taking place, a momentary relaxation of 
the sphincter with voluntary abdominal pressure is sufficient to eject 
the contents of the bowel. On the other hand, when the feces are 
firm, time is required in onler that the slowly acting smooth 
muscle may pass the mass onward. In common constipation, the 
difficulty is to get the solid mass down to the sensitive exciting point, 
in which case a few drachme of warm fluid, used asan enema, may 
awaken the necessary reflex movements, 





Fig. 66—Auerboch’s plexus from 
‘between the muscle coats of the Fig. 57.—A nodal point of Auerbach's plexus 
intestine with low power, tudor igh power, showing the nerve 


Neayous Mrcnaxisé or rae Lxresmxat Moriox.—Many points 
in the neryous control exerted over the intestinal muscles are obscure. 
We know that intestinal movements which are peristaltic in their 
nature occur in a portion of intestine removed from the body,and thus 
separated from all central nervous control. We know also that there 
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are abundant nerve elements in the walls of the intestines which have 
all the characters of ganglion cells, and therefore probably act as 
nerve centres, (Figs. 56, 57.) 

With regard to these local nervous agencies, anatomiate have made 
out two distinct sects, both of which have the form of a network of 
nerve fibrils studded with cell elements at their nodal points, One 
closely meshed plexus with flattened oords and genglionie 
masses at their points of union, lics between the longitudinal and 
cireular Jayers of muscle (Figs. 56, 57) forming the plecus myen= 
terious exterior of Auerbach, and most likely haa to do with the move- 
ments of these layers of muscle. The other lies internal to the 
circular muscle, in close relation to the muscularis mucowe, and i¢ 
called the placus myentericus interior of Meissner; the meshes of 
which are looser and more irregular, and the cords and ganglia more 
rounded and finer than those of Auerbach’ plexus (Figs. 68, 50.) 

‘The blood flowing through these nerve centres in all probability 
nets ns a sufficient stimulus under ordinary circumstances, to produce 
some peristaltic motions, and hence we may sty that they are automatic. 
When food comes into the intestine it increases the flow of blood, ax 
well as mechanically irritating the intestinal wall. The intestinal 
vessels remain engorged so long as the parvceas of digestion goes om. 








Vig. (4,—Meianee’s plexus, low Pig. 50.—Metemer’s plexwe (high power), 
power, showing cella grouped at nodal poltita, 


Food reems to act more effectually than insoluble mechanical «timull, 
for when insoluble substances are placed in the gut, they at first call 
forth active movements ; but these do not last long, for the stimulus 
is not of iteelf adequate to excite prolonged action, except it be amo 
ciated with continuing congestion dependent upon other canses, aah 
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as the yaso-motor changes accompanying the general digestive 
process, and the absorption of the prepared food-stufla, 

With regard to the influence of other nerves,it seems to be admitted 
on all sides that the vagus acts as an exciting nerve, since stimulation 
of ite peripheral part causes increased action, and it is probable that 
its great efferent channel for impulses is reflected through the brain. 

On the other hand, the splanchnic nerves, which come from the 
thomeie sympathetic, are ssid to be inhibitors of the myenteric 
plexuses. This may be explained by their effect on the small vessels 
—which they no doubt control—causing a change in the blood 
supply. Be this as it may, the splanchnic seem to haye considerable 
influence on the intestinal movements, When stimulated they 
commonly check the intestinal motions, but may sometimes (as when 
the movements have ceased after death), give rise to new movements, 

On account of this double action, it has been said that there 
ar two kinds of fibres, (1) inhibiting, which are easily excited, and 
during life have greater influence, and (2), exciting, which, though less 
excitable, retain their irritability longer. 

However, most of these effects may be explained by referring them 
to vaso-motor changes. 

With regard to defecation, we know that a nerve centre exista in 
the Iumbar portion of the spinal conl, which governs the sphincter, 
anil seems to keep up its tonic contraction, This centre may be 
either excited to increased action or inhibited, by peripheral stimuli 
or by central influences from the brain, 

‘Thus the local application of warmth causes inhibition of the centre, 
ani thereby relaxation of the sphincter, while cold gives rise to in- 
creased central action, causing contraction of the sphincter muscle ; 
{a point to be remembered when examining or operating within its 

). Besides the voluntary variations which we can bring about 
in the activity of this lumbar centre, any other central influences, 
such as emotions, may operate upon it. Thus terror inhibits the 
entre, and loosens the sphincter independently of our will. 








CHAPTER VII. 


MOUTH DIGESTION, 


‘Tug cavity of the month is lined by a bright red mucous mem~ 
brane, which is continuous with the «kin at the lip. It varies 
in structure in different parts of the buceal cavity, and in ite general 
construction more resembles the outer covering of the body than the 
mucots membrane lining the alimentary tract. Tt oanvists of (1) a 
superficial part composed of thick stratified epithelium, in the upper 
cells of which are flat, scaly, and tough, and are placed horizontally, 
while in the deeper ones the cells are soft, rounded or elongated, 
having their long axis perpendicular to the surface, and (2) « deeper 
part composed of fibro-elastic tissue, which, over the alveoli of the 
teeth, is amalgamated with the periosteum and forma the dense 
tongh gume 

The mucous membrane of the mouth, is covered with papillm, 
which on the dermm of the tongue attain great magnitude and 
variety of shape and epithelial 
covering. In man, three kinds 
are described :— (1) Narrow 
pointed, filiform, (2) Blunt 
and clubbed at the Sangin 
form. (3.) Broad complex papillae, 
surrounded ly a fossa, einem 
vullete, of which there are but a 
limited number (about a mad 

‘The special 
or glands, which pour this joeen 
into the mouth, have all the mise 
gener] typo of structure, thengh 
they vary much in the detail as to the variety and chumeter of 
their cella, ‘They are known as tho «einous or aaccnlated glands, rem 
their being made up of numerous acini, or minute elenguted mace 
or tubules, arranged ot the end of a repeatedly branching duct, like 
grapes on the terminals of the successive little tranches growing 
from the central etalk to forma bunch. In the glands the saccules 


— 
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are packed together closely around the ducts, and by mutual pressure 
are made to assume various shapes. The wall of the saccule is 
formed of a very delicate clear transparent membrane, on the out- 
side of which are numerous flattened branching stellate cells, the 
branches af which anastomose one with another, and appear also to 
penetrate the membrane in onler to reach the inside of the acini. 
The cavity of the little sacs is almost completely filled with lange 
polygonal gland-cells, 40 that only a very narrow space exists in the 
centre, (Fig. 61.) From this space, there is free communication to the 
main duct of the gland ly means of the proper ductlet of each saeoule, 





Fig, 61,—Section of tho Sub-inaxillary Gland of the Dog, showing the commencement 
‘of a duct in the alveoli. x 425. (Bchlifer,) 


@. One of the alveoli, several being grouped round the duetlet (#). 

4, Basement membirine in section. 

4. Langer duet with columnar epithelium, 

+ Half-moon group of wells, 
In the sccules of some glands, the so-called mucous salivary glands, 
another kind of cell clement is seen between the gland cells just 
described and the wall of the sac, their outer side following accurately 
the concave boundary of the mecule, their inner side impinging upon 
the gland cell, ‘They thus acquire a more or less half-moon shape. 
‘These demilune cells will be again referred to (page 106). 

Between the saccules are numerous blood vessels which branch and 

form a network of capillaries on the outside of each little tac. 
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Numerous nerves are alao found, which, acconling to some observer, 
have ganglionic cell-connections in the gland substance, and seed 
terminals into the gland-cells direct. 

Although this account of the nerve terminations in the seéreting 
cells of other glands has met with doubt, iti certain that in the lower 
animals nerve terminals have been traced into gland-cells, and spon 
physiological grounds, aa will presently appear, we ar forced to 
believe that a similar connection must exist in mammalin, 

‘The ducts are lined with onlinary cylindrical epithelium which 
does not appear to have any secreting function. All the glanda are 
mate up of numerous packets of lobules bound together in one mass. 





ig, 62.—A iliseotion of the side af the foe, showing the Sativery Ganda. 


@. Sublingual gland. 

4, Bubmaxillary glands with their ducts opening on the Sor of the mouth temewtls the 
Yomurue mt (of) 

¢, Parotid gland and its duct, which opens on tho inner side of the ehedk, 


Each of these lobules is itself a perfect gland, #0 that even the smaller 
mouth-glands are separable into lobules, and heuce are called cote 
pound acinous glands, 

‘The inowth-glands are divided into two seta, which prodace 
different kinds of secrotion :—{1.) Mucous glands, which secrete 
raucus, and (2) Salivary glands, which produce watery safion ‘The 
functional distinetion in seldom absolute, for tnost salivary glanie 
have a mixed secretion, and various gradations of the transition 
purvly salivary to purely mucous ghanda can be made out, 
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‘The proper mucous glands are small, varying in size from a pin's 
head to a pea. They are found in groups under the mucous mem- 
brane in various parts of the mouth, and from their positions are 
called labial, buceal, &e. Their cells contain a clear muciginous 
substance, 

‘The great Salivary glands are the three large glands which are 
known os the parotid, submaxillary and sublingual. On account 
of their great size they form striking anatomical objecta, being 
large maszes of irregularly arranged glandular packets, which might 
be spoken of as lobes to distinguish them from the smaller packets 
or lobules. Their ducta are of considerable size, and have atrong walls 
made of dense fibrous tissue, containing many elastic fibres, and in 
one of them, the submaxillary, smooth muscle tissue has been 
demonstrated. 

‘The parotid duct (Steno's) opens into the mouth about the middle 
of the cheek just opposite the second molar tooth. The submaxillary 
has also a single duct (Wharton's) which opens beneath the tongue 
beside the frenum, The sublingual gland has several ducts, some of 
which open into that of the submaxillary, and others unite to enter 
‘the mouth beside Wharton's duet. 

Tn different animals and in different glands of the same animal a 
variable amount of mucus is secreted by these glands, which, how- 
ever, are all called salivary, though the parotid alone deserves the 
name. 


‘Tae Caanactens of Mixep Sativa. 


‘The liquid in the mouth isa mixture of the secretion of the salivary 
glands as well aa of the «mall purely mucous glands. 

Ttiaaslightly turbid tasteless fluid of a distinctly alkaline reaction, 
of 1004—1008 specific gravity, and o tenacious that it can be drawn 
into threads, The amount secreted by an adult human being during 
24 hours varies greatly according to circumstances, and has been 
variously estimated by different authors, by whom the wide limits 
of 200—2000 grms. (7—-70 oz.) have been assigned as the daily 
amount, 


‘The wailiva containe about 5 per cent, of solid, Of thew the 
greater part arv organic ; namely, (1.) Mucin, from the submaxillary, 
sublingual, and small mucous glands, which ean be precipitated by 
acetic acid. To this substance the viscidity of the waliva is due. 
(2.) Traces of albumin precipitable by concentrated nitric. acid 

a 
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and boiling. (3) Traces of globulin, precipitated by carbonic acid. 
(4) Ptyatin, a peculiar ferment, 

‘The inorganic constituents are salts, among which an inconstant 
amount of potassium sulpho-cyanate is found, a substance which dees 
not exist in the blood. 

‘There are also many morphological elements, of these the majority 
are accidental, being the remains of food, &e. ; others are more or Jew 
characteristic ; namely, (1.) 
Salivary corpuscles which are 
rounded protoplasmic masses 
containing nuclei anid coane 
granules which show Brown- 
inn movements, (2.) Epithe- 
Vial scales from the surface of 
the mucous membrane of the 


protophyta, 

readily amid the 

particles of food in the mouth, 

But no bacteria or other fangi 

exist in the ducts of the glands: 

or saliva taken from the ducts 

with the necessary septic 
precautions. 

The onlinary mixed saliva may be easily collected by chewing 
eome insoluble material, such as a bit of rabber tubing, and collecting 
the fluid which the motion causes to be poured into the mouth, 

‘The collection of the secretion of the different glands requires more 
delicate methods, It may be collected separately by placing a 
canula in the duct of eneh gland. 

‘The parotid saliva obtained in this way is found to have no etrue- 
tural elements nor mucus, and is a thin fluid dropping easily, and 
not capable of being drawn into threads It contains some serum 
albumin apd globulin, potassium sulpho-cyanate, and: ptyalin. 
‘The portion first secreted is commonly acid, and it never becomes 
strongly alkaline. Its specific gravity is 1003—1004. On standing it 
becomes turbid from the precipitation of carbonate of lime, whieh 
existed aa bicarbonate. 

‘The submaxillary secretion is more strongly alkaline than that of 
the parotid ; it contains structural elements and mucin, but is not eo 
‘viscid as the general mouth-ffnid, 

‘The sublingual is much more viscid than either of the others, and 
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is more strongly alkaline, and contains much mucus and many salivary 
corpuscles, 


Tue Mernop or Secarriox or Sattva.—Under onlinary cir- 
cumstances yery little saliva is secreted, only sufficient being 
poured into the mouth to keep the surface moist, When, however, 
food is introduced into the mouth, and the process of mastication 
commences, the secretion goes on more or less rapidly, according to 
the stimulating or non-stimulating charucter of the food. 

‘The activity of a salivary gland is at once brought about by 
menns of special nervous agencies when a stimulus is applied to 
the mouth, We know that the nervous mechanism with which 
we have here to do, is what is called a reflex act. The stimulus 
travelling from the surface of the mouth to the nerve centres is 
reflected thence to the glands, We speak, then, of afferent nerves, 
which carry the impulses towanls the centre, and efferent nerves, 
which carry them from the centre. 

If we review the onlinary circumstances giving rise to a flow of 
saliva, there will be no difficulty in determining the nerves which 
act as the afferent channels in the simple reflex act. 

‘Stimulation of the mucous membrane of the tongue and mouth, 
whether chemically, a3 with irritating condiments, or mechanically, 
as by the motions of mastication, is generally transmitted to the 
centre by the sensory branches of the fifth cranial nerve, which supply 
the mouth, and by the branches of the glosso-pharyngeal. 

‘The stimulus of the sense of taste is sent by the nerves of that 
sense, mainly the glosso-pharyngeal, to the taste centre in the cortex 
cerebri, and from thence to the secreting centre by means of inter- 
central fibres. 

"The stimulating of the olfactory region with certain odours induces 
saliyation through a channel of a similar kind passing along the 
olfactory nerve to the brain, and thence to the special salivary centre. 
Even in the absence of taste or smell, mental emotion may be excited 
by seeing or thinking of food, and may cause activity of the salivary 

here the inter-central channel ia the only one occupied in 
the impulse to the special secreting centre. 

Irritation of the gastric mucous membrane stimulates the aalivary 
glands as may be seen with a gastric fistula, or by the sudden flow of 
saliva which commonly precedes vomiting, In this case the impulses 
are carried by the gastric branches of the vagus. 

‘The stimulation of the central end of the cut sciatic is said to catse 


ue 
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on increase in the flow of saliva, so that it would appear that eres en 
anlinary sensory nerve can excite the centre to action. Lastly, 
many droga, when introduced into the blood, cause a flow of saliva, 
among these are pilocarpin, physostigma, and curara, while atropla 
and some others, on the other hand, check the action of the glands. 
From this we learn that the nerve centre, controlling the activity 





Pig. C4.—Dingram of Nerves of the Sutmaxillary Glatt. The dark lines show the 


course of the nerves going to the glind. 
(vit) Portio dura; (v.)Bnferior maccilary divston of the Ath conalal serve 
(0) Sotmaxillary gangtion ; (s) Srmquitetlh omnt trial metery (4); 
(x. ¢. 0.) Superior cervical gangtion, 


of the salivary glands, may receive impulses from many distant 
and diverse nervous sources, or may be influenced directly by the 
quality of the blood dowing through the special nerve centre itself, 

The channels traversed by the efferent impulses going to the 
salivary glowls have been demonstrated by experiment. Tn the case 
of the submaxillary, the route is especially distinct and inatruetive, 40 
that from this gland we obtain most of our knowledge concerning the 
Airect influence of nerve impulses on the gland cella. This question, 
therefore, will be treated somewhat in detail. 

‘There are two nets of nerves going to the slivary glands, one 
belonging to tho sympathetic and the other to the cerebro-mpinal aywtenss, 
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both of which have been proved to exert a certain amount of influ- 
ence on the action of the glands, the share taken by each apparently 
differing in different animals, 

‘The sympathetic branches for the submaxillary and sublingual 
gland come from the plexus which embraces the ficial artery, those 
for the parotid come 
from the plexus eur- 
rounding the internal 
maxillary as that artery 
traverses the gland, 
Both of these nervous 
plexuses are derived 
from the superior cer- 
vieal part of the sym- 
pathetic nerve. 

The cerebro -spinal 
fibres for the submax- 
ary and sublingual 
glands lie in the com- 
plex nerve known as the 
chorda-tympani, which 
comes from the portio 
dura of the seventh, and 
joins the lingual branch 
of the fifth, They 
pass thence through 
the submaxillary gan- 
glion to the glands. 

‘Tho cerebro - spinal 
parotid branches pass 
through the lesser su- Fig. 05—Diagram of Norves supplying tho Parotid 
perficial potrosal nerve land. The dark lines indleate tho course of the 
from the tympanic Saag — 
plexus to the otio gang- (Inferior divalon of teh nerve ant te (4 x} aur 
liow, and thence to the (v1.) Portio dum. 2 


auriculo-temporalnerye (+. ©. 6.) Superior cervical ganglion sending a branch 
whUMisenda’ twigs to to the carotid plexus around the artery, 


the gland, (Fig. 63.) 

I—The effects of experimental stimulation of the cerebro-apinat 
glandular branches, so far as we know are alike for all the glands. 
But owing to the greater facility with which the submaxillary 
gland can be reached and its nerve isolated, research hoa been chicky 
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devoted to it, by operating on the chorda tympani and the other 
nerves supplying the jgland, 

Tt has been found that section of this nerve, or of the portio dura 
near its origin, removes the possibility of exciting the glands to action 
by stimulating the mouth, so that the cerebro-spinal and mot the 
sympathetic are the channels traversed by tho reflected impulse on its 
way to the gland from its centre. 

‘The reflex stimuli which were supposed to be elicited through the 
medium of the submaxillary ganglion, probably depended om the 
escape of the stimulating electric current used, and the reflexion from 
@ sporadic ganglion, euch as the submaxillary, has never been saitie 
factorily demonstrated. 

Tt haw further been shown that direct stimulation of the chenla 
tympani nerve, although it bo cut off from its central connections, 
canses a copious secretion of thin watery saliva, and this increased 
secretion is accompanied by a great dilatation of the «mall arteries 
going to the gland, so that a pulaation may be scen in the stall 
veins, and the blood retains its bright arterial colour when leaving 
the organ. 

‘Theac two chief results of stimulation, activity of the seereting celle 
and raeeular dilatation, are brought about by different nerve 
ax appears from the action of atropia which stops the secretion of 
ealiva, but does not prevent the dilatation of the vessels on stima- 
lation of the chorda tympani, from which we conclude that its effect 
is restricted to a mechanism engaged exclusively in controlling the 
activity of the gland cells, 

Stimulation of the chorda tympani causes the secretion to be carried 
‘on with great energy. ‘The fluid was found to enter the duet with a 
pressure equal to 200 m.m. (about § inches) of mercury, while the 
Vlood pressure in the carotid artery of the animal was only 112 mm, 
(about 44 inches) mercury ; that is to sy, the force by means of which 
secretion ix driven outwards, is nearly twice as great as the pressure 
in the blood vessels in the gland, The secretion of saliva cannoy 
then be a question of mere filtration, for if the physical ageney— 
presmure—alone were acting, the saliva would be forced into the 
blood vessels as soon as the pressure in the duct exceeded that in the 
‘vessels, 

‘The foree and rate with which the socrotion is produced vary with 
the strength of the stimulation. The flow of sativa steadily increases 
within certain Hmits aa the stimulus gets stronger, It is mot only 
the quantity of the secretion that depends on the amount of nerve 
impulec, but also its quality; that is to say, with a freak gland, not 
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wearied hy previous experiment, the amount of solids in the saliva 
increases as the stimulus is increased, so that not only the activity of 
the gland cella is under the control of nerve influence, but the kind 
of work they perform is also regulated by the intensity of nerve 
impulse they receive. 

At has been found that the increase in the blood flow is secondary 
to the secretion called forth by stimulation of the chorda tympani, 
‘This is shown by the fact that even when the blood supply is cut 
off by any mean’ (strong sympathetic stimulation, ligature of the 
vessels, or even decapitation) an amount of saliva can be made to 
flow from the gland which could not have been stored up in its celle 
prior to the stimulation of this nerve, 

IL.—With regard to the influence exerted by the aympathetic branches, 
the most obvious result of stimulation of these isa contraction in 
the arterioles, and a consequent diminution of the amount of blood 
tlowing through the gland, The glands look pale, and the blood 
leaving them is intensely venous in character ; the exact opposite, in 
fact, to the result obtained by stimulation of the cerebrospinal 
nerves, But the sympathetic has also an effect on the gland cells, as 
it produces an increased flow of saliva. In the dog the secretion of 
“ sympathetic saliva” is only temporary and scanty, having high 
specific gravity, and being overloaded with the solids. In the cat 
and rabbit “sympathetic saliva” ie scanty, and not thicker than the 
“chorda saliva” of the same animal, So far ns regards the blood- 
vessels, then, the chonla ia directly opposed to the sympathetic. 
To explain this antagonism we may either as#wme the existence of 
local nerve centres governing the muscular coats of the arterioles, 
and suppose that the sympathetic stimulates and the chorda inhibits 
the activity of these centres, or, what seems more simple, in the 
absence of anatomical evidence that such a centre existe, we may attri- 
bute to the arterial muscle celle themselves an automatic tonic power 
of contmetion which can be increased by the aympathetic and dimi- 
nished by the chorda tyinpani. It is singular that if all the nerves 
leading to the gland be cut, after some hours a pretty copious watery 
eervtion of saliva occurs and lasts for some weeks, after which the 
cells undergo atrophic changes, and the gland becomes reduced in 
‘ize. The explanation of the appearance of this so-called “ paralytic 
saliva” is not clearly made out, Possibly the removal of some 
trophic nerve-influences induces abnormal nutritive changes which 
anee stimulation of the cella, and ultimately lead to their dege- 


neration. 
‘The histological investigation of the elements of these glands in 
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the vations stages of secretion throws considemble light on tho 
behaviour of the cells during their periods of activity and rest. 





Fig. 6¢—Revtlons of Orbital Gland of the Dog. (Heldenhain,) 
(A) After yeotonged period of rext, (u) After a poriod of activity, 
Tn (4) the seorcting celts arp clear, being wollen up with mucigen, mtd the healf-moer 
catia aro very distinet and darkly ateinet 
Ts (n) the accuninlated material hax been discharged from the colle, am the wlreell 
‘are slrsanom, 


It is now certain that the different stazex are accompanied Uy 
constant structural changes in the cells, which doubtless are intl 
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mately connected with secretory activity. During the period of 
rest, that is, the time when the gland is not discharging its secretion, 
the cells slowly undergo « change in their appearance, which is 
obvious in proportion to the ease with which the material they 
secrete is recognised in the protoplasm of a cell. Thus, in mucous 
glands, or in mucus-yielting salivary glands, the changes are con- 
spicuous ; whilet in those which give a watery secretion they are less 
easily seen, 

‘As an example we may take’a mucous gland, such as the orbital 
gland of the dog, and follow the changes which occur in its cell from 
the time it ceases to discharge ite function. (Fig. 66.) 

Immediately after the prolonged and active discharge of the secrv- 
tion of the gland, the cells have all the characters of ordinary proto- 
plasmic units, and the distinction between the polygonal cells 
and those next the wall of the acinus (demi-lune cells) is made out 
with great difficulty, becanse all the cells stain evenly with carmine, 





Fig. 67.—Colls of the Alvooli of a Berous or Watery Salivary Gland. (Langley.) 


(a) Attar rest, {n) After a short period af activity. 
(c) After prolonged period of activity. 


and have no special characters except those belonging to active pro- 


During rest certain changes gradually appear in those gland-cells 
which are next the lumen of the saccule. They appear to swell 
towards the lumen, and at the same time become clear and resist 
staining with carmine, their protoplasm becoming impregnated 
with mucus-like material (mucigen), while the demi-lune eells remain 
protoplasmic and stain easily, and are thereby radily distinguished 
from the cell in the cavity of the saccule. 

Now, if the dischange of secretion be called for, either by normal 
reflex excitation, or by direct stimulus of the chorda tympani nerve, 
the cella discharge the contained specific material, some of them most 
probably being destroyed by the act. If the active secretion be eon- 
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tinued for some time, the cells return to their former’ protoplasmic 
state, and the cells which have been worn out are replaced by others 
from the demi-lune or marginal cells, 

In the glands which do not produce any mucus the brilliant look 
of the cells after rest is wanting, but corresponding change occurs, 
‘The secreting protoplasm becomes extremely granular during the 
resting period, and again clear after the discharge of the seretion, 
(Fig. 67.) 

Thus it would appear that during the so-called period of rest, when 
little or no fluid is poured into the duct, the gland-cells are busy at 
their manufacturing process, diligently adding to their stock in hand 
in order to be ready for a sudden demand which they could not meet 
‘by merely concurrent work, 

‘To sum up, then, we may conclude :— 


I. That the manufacture of the «pecific materials of the secretion 
is accomplished as the result of the intrinsic power of the 
protoplaxm of the gland cells, 

IL, That « vital process is called forth in the gland cells by the 
action of nerve impulses, because—(1.) The force with 
which the secretion is expelled cannot be accounted far by 
the blood pressure, (2) The quantity and quality of the 
secretion is modified by the intensity of the nerve #titaula- 
tion, (3) The temperature of the blood is raieed. (4.) 
Structural changes in the cells can be observed, 

TI, The normal stimulus to secretion passes from the centre in 
the medulla oblongata to the salivary glands along cerbro- 
pinal, not sympathetic, nerves, 

IV. This centre for salivary secretion, which at ordinary tines 
is moderately active, may be excited to energetic action by 
impulses coming from taste, smell, and onlinary sensory 
nerve terminals (particularly in the mouth), as well as by 
those which emanate from mental emotions, 


Citaxors UNDERGONE DY THE Foop ix THe Movrit. 


Food when taken into the mouth undergocs two processes, which 
are inseparable and simultaneous in action ; viz, mastication and tte 
salivation, 

‘The mechaniam of mastication han already becn discounted, ao Set 
as its tritunting power is concerned. In its final object of forming 
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the subdivided food into a bolus which can be easily swallowed, it is 
much aided by inentivation, particularly in chewing dry food ; and 
in this latter the moistening of the particles, so as to make them 
adhere together, is the most necessary act of mouth digestion, and is 
next in importance to the subdivision accomplished by the teeth. 
Moreover, the saliva covers the bolus with « coating of viscid fluid, 
eo that it can more easily slip down the esophagus, Deglutition 
of solids is difficult during a scanty supply of saliva. 

Our fool is gunerally composed of materials some of which are 
soluble in water, and some are not, 

While in the mouth the aaliva dissolves a great quantity of the 
more readily soluble materials, such as sugar and salt, which may be 
either mingled with the inaoluble substances, and swallowed 
together with the bolus, or «wallowed separately in a fluid form. 
Solution, then, is an important item in mouth-digeation, 

In many carnivorous animals the use of the mouth-fluid is chiefly 
mechanical, dissolving some insignificant part of the food, and aiding 
mastication and deglutition, In man, however, and other animals 
that make use of much vegetable food, it has a chemical function, 
and acts on the insoluble starch, converting it into soluble sugar. 

The active principle which lnings about this change is Ptyalin, 
‘This is one of a eeries of ferments which exist in the body, and 
to which most of the chemical changes in digestion are due. Although 
each possesses certain peculiarities, yet ua a group they may be 
described as effecting by their presence various alterations in the 
mubstances on which they act, while they themselves do not undergo 
any perceptible change, and a small quantity will do as much work 
‘as a larger quantity if allowed a proportionately longer time, 

Ptyalin acts exclusively on starch, and lence is spoken of aa an 
amylolytic ferment, ita action consisting in causing the starch to 
unite chemically with one molecule of water thus :— 

©,H,,0,+ H,0 = C,H,,0, 
Starch. Grape-sugar. 

During this process, which takes at the least a few minutes 
to complete, various stages can be detected : first, two substances 
are formed which together are commonly spoken of as dextrin ; 
one, erythro-dextrin, which gives a red colour with iodine, and 
easily passes into soluble sugar; and the other, achrio-dextrin, 
gives no colour with iodine, and is with ditticulty converted into 
sugar. As it gives no colour with the ordinary test, its presence is 
often overlooked, 
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‘The sugar thus formed has been called /tyalose, which, however, 
can be converted into ordinary grape sugar (glucose) by the action of 
sulphuric acid. Some say the product is all maltose. 

‘The presence of starch, either in its soluble or insoluble form, is 
easily recogniaod by the Dine colour given by free iodine, which 
on disappears on heating to about 100° C., but reappears on 

ing. 

Very many tests have been recommended for the detection of 
sugar. The most generally applicable one is Trommer's, The liquid is 
made strongly alkaline with potash, andafew drops of a dilute nolu- 
tion of cupric sulphate is added, a clear blue solution resulta, whieh, 
on being raised to the boiling point, depesits a yellow precipitate of 
cuprous oxide, Fehling’s and Pavy’s solutions are modifications of 
the above test adapted for quantitative analysis, 

When yeast is added to grape-sugar and placed in an inverted 
test-tube, the sugar is converted into alcohol and carbon dioxide 
‘The latter rises to the top of the test-tube, and can be used as an 
indication of the quantity present. Experiments may be carried ont 
with saliva obtained from any of the glands directly, but the mixtan 
of the secretion of all is found to be more efficacious than that of any 
single one. Theortinary mouth-fluid filtered serves well forordinary 
experiment, 

An effective glycerine solution of ptyalin may be obtained by 
steeping chopped salivary glands in alcohol, and then extracting for 
some days with glycerine and water. 

‘The following facts must be borne in mind concerning the 
amylolytic action of ptyalin -— 


1. The extremely «mall amount of the ferment required to make 
the fluid effective. 

2 There is no appreciable diminution in the amount of ferment, 

®o that it cannot be eaid to be used up in the process. 

3. The action takes place most readily in alkaline solutions, suck 
os the saliva, slowly in neutral solution, and not at all in 
acids of the strength of *2 per cent, of hydrochloric weld. 

4, Temperature has a marked effect on the process. Cold (0° C,), 
quite checks the action ; heat (75° C.) destroys the power of 
the ferment, which is most active at the bedy tempersture 
(35"—40" C.). 

5, Strong acids or alkalies destroy the amylolytic power of 
Pyalin, 

G The ferment has but little effect on raw starch, ite cellulose 


al 
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coating protecting it; but it acta rapidly on well-boiled 
starch. 

7. Ptyalin is more active in weak solutions, and seems to be 
impeded in its action by an accumulation of sugar. 


To recapitulate, we find that the following changes take place in 
the mouth :— 


(1) Solid food is or should be finely subdivided ; (2) dry food 
is moistened, (3) rolled into a bolus, (4) and lubricated ; 
(5) the soluble part is dissolved, and rendered capable of 
being tasted ; (6) and part of the starch is converted into 
soluble sugar by the action of a ferment called ptyalin, 


In the short time occupied by the passage of food through the 
awophagus no special change takes place in it, so we may pass on at 
onee to the gastric digestion, which will occupy the next chapter, 





CHAPTER VII. 
STOMACH DIGESTION. 


‘Tux general surface of the stomach is covered by a single layer of 
cylindrical epithelial cells which also line the orifices of the 
numerous glinds with which the mucous membrane i thickly 





‘Dingram of a weetion of the 
‘Wall of the Stomach. 


Fig, 68. 


4, Oritloes of glands with eslindrios! 
epithelium. 
4, Pounds of glance with epherioal and 
‘oval epithelium. 
¢ Muscularix muconn. 
4, Bubmncows tiene containing Woot 
be. 


‘vomels, dee. 
+ Clreular, (/) oblique, and (y) dongi- 
‘tudinal nmusele cont, 

A, Seroms membrane. 


studded. This single layer of 
cylindrical cells. is marked. off 
from the stratified squamous 
cells lining the csophagus by 
a sharp line of demareation, 
The glands of the stomach 
are tubes of whieh the orifices 
are conical depressions which 
divide into two or three tubular 
prolongations, The outlet or 
orifice is covered by the common 
cylindrical epithelium of the ear- 
face of the stomach, and the 
fundus is filled with specific 
granular cella, The glands slip 
down into the delicate salmacous 
tissue, the branching tabes lying 
parallel and exeeedingly close 
together, Between them am in- 
jection demonstrates a dense net 
work of capillary vessels whieh 
surrounds the tube and closely 
invests the delicate basement 
membrane which forme the boun- 
dary of the glands and the basis of 
attachment of the glandular cella, 


Tn the cantiac end of the stomach two distinct kinds of celle are 
found in the docper part of the gland tabes. One kind, whieh 
is much the more numerous, consista of small pale spheroidal 


— * 
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cells, which occupies the lumen of the gland and forms the regular 
cell-lining of its cavity. These cells have been called the “chief 
cells” (Hauptzellen), or “central epheroidal cells.” 

‘The cells of the other form are compamtively few, being altogether 
wanting in some of the glands, They are larger and more striking 





@.—Diagram showing the relation of the ultimate twigs of the hlosd~ressels 
{y and 4), and of the absorbent mdicals to the glands of the stomach and the 
ifferent kinds of epithelium, viz., above cylindrical cells ; small pale celle in the 
Iumon, outaide which are the dark ovoid celle, 


than the central cella between which and the basement membrane 
they lie scattered here and there over the fundus of the gland, making 
the delicate membrane bulge. They stain more easily, and have 
darker granules than the central cells. On account of their position 
they have beon called “parietal,” “marginal or border cells” 
(Belegzcllen), and from their oval shape, which equally well 
ishes them from the other, “ovoid cell.” (See fig. 69). 

‘There is a different class of glands, the so-called mucons, found 
chiefly near the pyloric end of the stomach, in which there is 
‘bat one kind of cell throughout, and this scems to differ in character 
from both the varieties in the other glands, resembling rather the 








in 
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cylindrical epithelinm covering the surface of the stomach amd dip- 
ping into the conical orifices which load to the glanda, 

The difference between the two kinds of glands found im the 
stomach, both as regards their distribution and way of ranching, and 
the cella which line the deeper parts of the tubes, is found to vary in 
different animals The difficulty of obtaining fresh specimens of the 
human stomach makes it still uncertain whether the same differmnces 
exist in the human subject. ‘The varieties of opinion and drawings 
published suggest that various stages of gradation from one kind of 
gland to another are met with in the stomach of even the same 
animal, 

Experimental research does not show decisively that the anatomical 
differences denote differences of function. 


‘Tae Cuaracrers oF Gastaic Juice. 


Tae gastric juice is a clear colourless fluid with strongly seid 
reaction. It contains °S por cont. of solids, its specific gravity being 
1002, The amount gecreted in the day is extremely variable, and 
depends upon the amount and charneter of the food ; in well-fed dogs 
it has been estimated to be one-tenth of the body weight. 


1, It contains, in man, about -2 per cent. of free hydrochloric aekd, 
in the dog considerably more. ‘The lactic, formic, butyric, 
and other acids which have been found in the gastric juice 
probably depend on the decomposition of some of the 
ingesta. 

2, Pepsin, the specific substance which gives the gastric Juice 
its digestive qualities, is a nitrogenous ferment which, with 
the foregoing acid, acts on proteids. About “3 per cont, is 
present in the secretion of the human stomach. It is 
probably associated with other less known ferments, one 
of which curdles milk without the presence of any acid. 

3, A variable quantity of mucus ia found in the secretion of the 
stomach, 

4. Tt contains 2 per cent. of inorganic salts, chielly chlorides of 
sodium, potassiam and calcium, 


Merino or Owratxixo Gastnic Secrertox,—Formerly attempts 
were made to obtain gastric juice by obliging a dog while faating, to 
awallow a sponge, and withdrawing it when saturated with the gustric 
eccretion ; ora trating dog, allowed to swallow insoluble materials, was 
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killed, and the secretion produced was collected from the stomach. 
Tet is best obtained directly froma fistulous opening in the abdominal 
wall communicating with the stomach, 

A gastric fistula was first made by accident. It was a cass in 
which the surgical treatment of a gunshot wound of the stomach of 
aman left a permanent fistula, by means of which the gastric secre- 
tion wus carefully investigated, Thus a man proved a valuable 
subject for experimental research, 

It is not a difficult matter to reach the stomach by making an arti- 
ficial opening through the wall of the abdomen, and, having brought 
the serous surface of the gustric wall into firm connection with the 
serous lining of the abdominal wall, to open the stomach, The 
juxtaposition of the parts as well a8 the patency of the fistula ean 
be secured by a suitable flanged cannula closed with a well- 
fitting cork. By removing the cork the gastric juice may be ob- 
tained in small quantities, and various kinds of food may be 
introduced through the cannula, and the changes occurring in then 
studied. 

For experimental purposes an artificial gastric juice may bo used, 
This can be made from the gastric mucous membrane of a deal 
animal (pig) by extracting the pepsin from the finely divided glan- 
dular membrane, with a weak acid (less than 2 por cent,), or better 
with a lange quontity of glycerine, aud subsequently adding HO) to 
the extent of “2 per cent, 

Move or Secrerioy.—The gastric juice is not secreted in large 
quantity when the stomach is empty, but only whon the mucous 
membrane is irritated with some chemical or mechanical stimulus. 
‘The «wallowing of alkaline salivancts as a gentle stimulus and causes 
secretion, so that the surface of the stomach becomes acid, When 
the lining membrane of the stomach is mechanically stimulated 

@ fistula it becomes red, and drops of secretion appear at 
the point of stimulation, but the amount of secretion thus produced 
is very acanty when compared with that called forth by chemical 
irvitanta, 

Thus ether, alcohol, and pungent condimenta produce copious 
eeeretion. Weak alkaline solutions also cause secretion, but the most 
perfect form of stimulant seems to be the normal one, namely, a 
consistent mass of food saturnted with the alkaline saliva, 

In all probability the secretion of the gnstrie juice is under the 
control of a special nerve mechanism, and the way in which the 
state of activity follows stimulation of the part ecems to point to ite 
being a simple reflex act. However the nervous connections (wag 

t 
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and splanchnics) between the stomach and central’ nervous 
may all be severed without any marked effect on the secretion, 
than that which would naturally follow the changes in the 
of blood supply, which of course is profoundly altered by the 
‘yaso-motor nerves—the splanchnics, Whether this be #0 or not, 
there must be some connection with the nerve centres, for sndden 
emotions check the secretions, and the sensations caused by the sight 
or amell of food give rise to gastric secretion. 


+t 


Hf 


it seems quite as probable that these elements are excited to activity 
by direct stimulation of thelr protoplasm, 

Asin the salivary glands, so in the gastrictubes, the cells show some 
structural changes which accompany with great regularity thelr periods 
of rest and activity, and therefore may be concluded to be the indix 
cations of the internal processes belonging to the production of the 
specific materials of their secretion, 

It appears probable that the chief secretory activity residesin the 
small central cells, and not in the lange ovoid border-cells, since mo 
«listinet changes can be seen in the Jatter, and the smaller gland cells 
seem to contain the pepsin, for if the mucous membrane be treated 
with weak hydrochloric acid, these central gland-cells are rapidly dis- 
solved by a process of digestion, while the border-cells simply sell 
up and become more transparent, So that the outer ovoid cells have 
no title to their former name of “ peptic cells.” 

The centml cells of the gastric glands are finely granular, pale, 
protoplixmio masses, and continue so during the time when the 
stomach is empty and the glands not secreting. In the earlier stages 
of digestion these cells awell up and become turbid and 
xrnular, and stain more readily with the anilinedyes, As the 
tive process goes on the cells again diminish in size, but are 
contain « lange quantity of peouliar granules, which are 
from the cell beforo its return to the ordinary state of 
‘cells are paid to Le rich in pepsin in proportion to their size; 
swollen during active digestion they contain much pepsin, 

gnatric 
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sinall, during bunger, they contain bat little. 

It would therefore appear that the popsin of the 
jis prodmced ex a distinct and new manufacture 
tral cells of the peptic glands, and not by the other 
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‘tural changes have also been followed out in the so-called mucous 
glands and in glands without any of the ovoid border-cells, which, 
taken with the fact that the alkaline secretion of the pyloric end 
of the stomach, where the mucous glands abound, is capable of rapidly 
digesting proteid if acid be added to it, tends to show that in these 
so-called mucous glands pepsin is alao produced. 

‘The acid ix found chiefly on the surface of the stomach, The mode 
of its production seems distinct from that of pepsin, but ia not well 
understood. Although the deeper part of the glands do not give an 
acid renetion, while the neck and orifices of the gland are distinctly 
acid, there ix good reason for believing that this manufacture of acid 
from the alkaline blood is really an uctive process carried out by 
some glandular cells, 

Tt has been suggested that the cell elements which produce the 
acid are the ovoid border-cells, from whence it rapidly passes to the 
orifice of the glands, Thia view is supported by the alkalinity of 
the pyloric end of, the stomach where the border cell are not found. 
In some animals the distinct distribution of the different cell 
elements and the accompanying reaction of the secretion aro well 
marked. 


Actios or tax Gasrate Jorce. 


‘The gastric juice has in the absence of mucus no effect on the 
carbohydrates, and probably the amylolytic fermentation set up hy 
the saliva is impeded, if not completely checked, by the free acid in 
the stomach, 

The gastric juice has no effect on pure fits, but it diseolves the 
protell framework of ndipose tissue and thus seta the fate free, 
which are'then turned by heat to a liqnid mass like oil. Upon 
the albuminous bories the gastric digestion produces a marked 
effect. ‘The proteids being colloid bodies cannot pass through an 
animal membrane by the process called dialysis; it has therefore 
been assumed that they cannot be absorbed through the lining 
membrane of the stomach. They are also often eaten in an insoluble 
form. To convert the insoluble and inditfusible allumins into a 
soluble and diffwable substance would obviously be a great step 
towanls their absorption, This power is aseribed to the gastric 
jnice. The steps of the process may be accurately followed in a 
snitable glass vessel, irrespective of the stomach, by using artificial 


gastric juice, and attending to the various conditions necessary Cox ts 
12 
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action. The power of artificial gastric juice carelully 

the mucous membrane of an animal's parse in no 
reapect from that of the natural seerction in the stomach, if 
the circumstances which aid the action of the gastric ferment 
applied in the experiment. ‘This action consists in a conversion of 
‘coagulated albumins into the peculiar soluble and diffusible form of 
proteid known as “ peptones.” 

‘The change is not effected immediately, but certain stages may be 
recognised in which the two ehicf constituents of the gustric juice, 
the acid and the pepsin, seem to have a separate action. 

Shortly after the introduction of a proteid, such aa boiled fibrin, into 
gastric fluid at the temperature of the body, the masses of fibrin awell 
up, become transparent and eventually are easily shaken to pieces 
and dissolved. 

‘The first step in the process seems to be brought about by the free 
acid, and consists in the formation of acid allumin, This can be 
shown Sy neutralizing the fluid during the process and thereby 
causing a precipitate of acid albumin (v. . 39). ‘The amount of this 
precipitate will depend upon how far the conversion into ere 
which is not precipitated by neutralization—has 
Tr tis obec nares tenth al hs etd gat vite aaa 
by neutralization, while ouly a comparatively «mall amount is procl- 
pitated in the later stages, 

‘The formation of acid albumin may be effected with acid alone 
without the other constituents of the gastric juice, and therefore the 
preliminary step may be attributed to the unaided section of the weil ; 
‘but since this stage in the formation of peptone is constant, and the 
tuaterial may possibly be distinguishable from the ordinary acid 
albumin, it has been called parapeptone, 

While the parupeptone is being formed by the acid, the pepsin fe 
engaged in changing it into the final soluble, diffusible wud mn- 
coagulable produet—peptone. The pepsin by itself cannot convert 
proteld into peptone, as may be ween hen Th the want of efficacy of e 
neutral solution of pepsin, in which neither peptone nor parapeptowe 
fs formel. In other words, pepsin solution can only change 
tone or acid albumin into peptone. It would appear how. 
‘ever, that ft porscases this property to an unlimited extent, since i 
undergoes Ho change itself, and with fresh supplies of acid m very 
minute quantity of pepsin can convert an indefinite amount of 
proteid into peptone, 

‘Tho rapidity with which proteld is converted varios cording 
the circumstances under which it is placed as well ax the of 
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proteid used. If the same proteid be 
stances will be found to influence the mpi 


xd the following eixeum- 
of the process :— 








1. The temperature, As already stated, the optimum degree of 

heat for the change is about that of the body, 30° F—40° C. 

The activity of the gastric jnice diminishes when tho 
temperature either rises aboye or falls below this standard. 
‘The minimum at which it is capable of action at all is about 
1°C. and the maximum is about 90°C, Boiling permanently 
destroys the function of pepsin, 

2. The percentage of acid as well as the kind of acid has a marked 
effect, Though the action will go on with other acids, Hydro- 
chloric is the moat effective, and that of a strength of 2 per 
cent, 

@. Large quantities of salts in solution or a condensed solution 
of peptone impede the process, a certain degree of dilution 
being necessary for the process, In strong solutions of pro- 
teid, the peptones must be removed by dialysis in order 
to allow of the continuance of the action. This occurs in 
the stomach by means of the blood and absorbent vessels, 

4. The degree of subdivision to which the proteid has been 
subjected materially influences the rapidity of its conversion 
into peptone. The more finely subdivided the substance 
the greater will be the relative extent of surface exposed to 
the action of the digestive fluids. When lange masses are 
introduced into the stomach, the gastric fluid cannot reach 
the central portions, and their digestion must await the 
completion of that of the exterior part. 

5, Motion aids the action of the foregoing factors, 


All these requisites are found in the normal act of digestion. 
‘The temperature of the stomach is 38° to 39°C, (= 100° F.), Hydro- 
ehloric acid is present in the proportion of about 2 per cent. : as 
yuickly as the peptones are formed they can be removed by absorption 
from the stomach, and thus the needful dilution is accomplished : 
and finally, if the mouth has done its duty, the pieces of proteid 
have been reduced to a pulp, composed of minute particles : these 
are kept in constant motion by the gastric walls, and thus are 
repeatedly brought in contact with fresh supplies of the digestive 
fluid. 


‘There can be little doubt that the conversion of proteid into 
peptone is normally brought about by the pepsin, which acts ax a 
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ferment, in some way or other facilitating a process whieh without 
itis extremely difficult to accomplish, Proteids may, however, give 
rise to peptone without the presence of any pepsin at all, if they be 
treated with strong ueids, alkalies, boiling under high pressure, 
putrefactive and other fermentative actions: This, together with the 
analogy suggested by the chemical details of the amylolytic action of 
saliva, which one may aay depends on an atom of water being taken 
up, suggests that the change of proteid into peptone is alsohydrolytic, 
the peptones being ainply an extremely hydrated form of proteid.* 
So far we have found that the action of the gastric juice affects 
proteids alone. Its action on other constituents of food varies, 
Gelatinous material is dissolved by the gastric digestion amd 
rendered incapable of forming a jelly ; its conversion into pe} 
lus, however, not bee: ished, The connective tisene of moat is 
therefere s90n removed, and the muscle fibres fall asunder, the sar 
colemima is dissolved, and the muscle substance ix converted into trae 
peptone, The delicate sheets of elastic tise, such as basement 
membranes and those of «mall vewels, are disolved, but larger masses 
of yellow elastic tissue are not affected by the gastric digestion. The 
horny part of the epidermis, hairs, &e., are quite unaltered, amd 
aleo the mucus, which pastes along the alimentary truet without 
change. Bone disolves slowly, the animal part being attecked at 
the surface by the gastric juice and the acid slowly removing the salts, 
‘The action of the gastric juice on wilk is peculiar, On 
the stomach milk ia curdled by « special ferment formid it the 
gastric mucous membrane. This is known aa * Rennet,” which 
is made from the stomach of the calf, and weed in the manufhetare 
of cheese, The precipitation of the Casein (alkali albumin), which 
gives rise to the enrdling of the milk, is not brought about by the 
hydruchloric acid (although the acidity would be sufficient ennse), 
Decause neutralized yastric juice has the mame effect. It appears 
that special ferment (not pepsin) which dircetly affects the enaein 
and causes its coagulation, must exist, It is not dae to common 
lactic ferment, for though lactic acid in produced, it in formed too 
slowly to account for the very rapid cougulation of milk whieh ocesm 
in the stomach, 
teams for ont of tifa tens fy mae se ‘Sia mat bm 
alt be employed inateat of water, It must also bo remembered ‘that tke 
incon membmne is a living active structure, wnd that the usd into the 
athumine have to ditfwee tay be regarded ws n palteolution. Ibis therefarw quite 
tale that @ qomabdorwblo quantity of albumin may bo absorbed ax each, Tee fact | 
Feptone eunnot be found i wny quantity in chyle or portal Mood tends to. peorre that 
the albumin doce pass throngh the stomach walk without being changed tite peptone, 
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‘The gustric juice has little effect on vegetable food in general, 
though well-masticated Uread may be very materially altered, owing 
to the action of the ealiva on the starch continuing until the mass ix 
broken up, and the gastric juice then dissolving the proteids (gluten). 
The greater part of the substance of bread, however, leaves the 
stomach in an imperfectly digested state. 

In short, the amount of change which any given form of food will 
‘undergo in the stomach will depend on the amount and exposed con- 
dition of the proteid it contains, 

In recapitulating the chief events of gastric digestion, it must be 
remembered that while the food is yet in the mouth the secretion of 
the gustric juice commences, and is greatly increased by the arrival 
of a bolus of food and a quantity of frothy alkaline saliva. As the 
stomach is filled, more and more secretion is produced, and as some 
food ix absorbed an additional stimulus is applied. Being kept in 
motion ina lange quantity of liquid which dissolves the cases in which 
the food particles are contained, the bolus of food soon falls asunder 
and each of its ingredients is fully exposed to the action of the 
gastric Juice. The acid reaction of the gastric fluid neutralizes the 
alkalinity of the saliva, #0 that the action of the ptyalin is hindered, 
and the starch granules float about quite unaffected by the pepsin or 
hydrochloric acid. The heat of the stomach melts the fata, and the 
motion breaks up the ofly fluid into smaller masses ‘They are then 
mingled with the general Huid, which becomes mor: and more turbid 
owing to the admixture of starch granules, fat globules, dissolved 
parapeptones, and minute particles of partially digested proteids, 
‘This dull gwy turbid fluid is called chime. ‘The proteids (which class 
of food-stuffs are most profoundly affected by the gastric digestion) 
are changed more or less rapidly according as their particles are small 
and uneovered, or large and massed together, so that they are more 
or less readily reached by the gastric juice, and also in proportion to 
the facility with which they form acid albumin. The chyme contains 
‘Wut little peptone, so that we may conclude that, when formed, it ix 
rapidly absorbed as are also the soluble sugarand ondinary fluids taken 
with the food. ‘The chyme begins to leave the pylorus soon after gastric 
Aigestion has begun, some passing into the duodenum in about half 
am hour, The materials which resist the gastric secretion, or ure 
affected very alowly by it, aro retained many hours in the stomach, 
and the pylorus may refuse exit to such materials for an indefinite 
time, #o that after causing much uneasiness they are finally removed 
‘by vomiting. However, many solid masses, un-chewed vegetables, &e,, 
escape through the pylorus when it opens to let out the chyme, 

















CHAPTER IX, 
PANCREATIC JUICE. 


Sxcoxp only to the stomach in importance as a digestive cavity, 
is the duodenum, into which the coplons secretion of two of the 
largest glands of the body—the pancrens and the liver—is 

poured, 

: ‘The pancreas is a Jarge compound sacculated or acinous gland, 
being composed of numerous irregular packets of gland tissue attached 
by its lateral branchlets to the main contral duct. The saccnles are 
nither elongated, but have the same general construction as those of the 
sorous salivary glands alzeady described, A single layer of irregular 
‘or slightly conical cylindrical cells in the saccule, shows « differenee 
of structure in its central and peripheral sides, so that an external or 
homoeneous zone, and an internal granalar zone may be distinguishel, 
Each zone corresponds to one half of the cells, the clear half being next 
the boundary, and the granular half next the lumen of the saceule. 
‘Tho relative width of theses zones varies with the digestive process, #0 
that the nuclei which are situated between them sometiines appear 
to be in the onter clear zone, and sometimes in the inner 

womne, The outer zone colours readily with cariine, whilst the inner 
gone remains unstained, 

Tho large duct which passes down the axis of tho gland, receiving 
tributaries on all sides, is surrounded with a layer of loose connective 
tinswe which forma an outer cont. The proper coat of the duct iy 
composed of clastic tissue, lincd by a single {layer of cylindrical 
epitheliam. 


Cornection or Paxentaric Jutce,—From a temporary fistula the 
secretion of the pancreas can be obtained in suiticient quantity to 
letermine its charcter and properties. A permanent fistula is esta- 
Dlished with difficulty, amd the sccretion soon alters its charnetor, 
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Lecoming thin and leaing its efficacy, most protably being altered by 
au abnormal stute of the gland. 

An artificial pancreatic juice may be extracted by water from the 
minced gland taken a few hours after death from an animal which 
has been killed during active digestion (a couple of hours after 
eating). ‘This extract, used with proper precautions, will have the 
same effect as the secretion itee! 

A glycerine solution containing the active principles of the pan- 
creatic secretion may also be made from the pancreas of a dead 
animal by treating the minced gland for a couple of days with 
absolute alcohol, removing the alcohol, and substituting sufficient 
glycerine to cover it, in which it should remain a week or so. This 
extmict, filtered, contains but little else than pancreatic ferments. 





Craractens or tax Sxcrerios.—The pancreatic juice isn very 
thick tmnsparent, colourless, strongly alkaline uid, which turns to 
a jelly if cooled to. 0° C, It often contains about ten per cent, of solids 
when obtained from a temporary fistula, but it may have as little as 
two per cent, 

Of these a considerable proportion are organic, namely =~ 


1. Albumin which is coagulated by boiling. 

2, Alkali albumin, precipitated by acetic acid or by adding 
magnesium sulphate to saturation. 

3, Leucin and tyrosin. 

4. Fats and soaps. 

5. Salts, particularly sodinm carbonate, which makes it alkaline, 

6, Three ferments, to which it owes its specific action on the food- 
stuffs, 


Mope or Sxrcrertoy.—The pancreas does not continue in a state 
of activity during the interval between the periods of active digestion. 
When the gland is at rest it is of a pale yellow colour and is flaceid, but 
during active digestion it becomes more turgid, and assumes a pinkish 
colour from the inereased flow of blood. The secretion commences 
immediately after taking food, und rises rapidly for a couple of hours, 
then falls and rises agnin in the later hours of digestion, five to seven 
hours after a meal ; then it gradually falls for eight to ten hours, and 
ceases completely when digestion is at an end. The first rise which 
accompanies the introduction of food into the stomach, ia certainly 
brought about by nervous agencies of a similar nature to thot of the 
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stomach, the secretion of which follows closely upon mastication, The 
second uccompanics the passage of the undigested food through the 
small intestines, and may also be most conveniently explained as the 
result of reflex nervous stimulation of the gland cella, 

‘The great complexity of the nerve distribution to the glands of the 
intestinal tract makes it difficult to ascertain the exact channels 
traversed by the afferent and efferent impulses. The following obver- 
vations, if aeeurite, would tend to prove that certain inhibitory 
impulses pass from the stomach along the vagus to the medulla, amd 
are thence reflectel to the gland by its vaso-motor nerves, During 
vomiting, or when the central end of the divided vagus is atimu- 
lated, the secretion of the pancreas ceases, Section of the nerves 
which surround the blood vessels distributed to the pancreas cans 
considerable (paralytic) tlow of eecretion which stimulation of the 
yugus cannot check. 

No nerve channels have been detmonstated to carry is 
impulses direct to the glands, as the chorda tympani does to the sub- 
maxillary ; but the direct stimulation of the gland itself, or of the 
medulla oblongata, is ail to induce activity of the gland. 

During the period of rest of the pancreas, i.¢, when the 
tract is not in activity, no secretion flowing from the duct and the 
gland being pale, the gland cells in the acini undergo a ehange 
which may be compared with that observed in the cells of the seruus 
salivary glands, ‘The division of the row of cells lining the 
acinus, into a central granular and outer clear zone, has alzwady been 
mentioned, 

Tmmodiately after vory active secretion, the central granular zone 
ja reduced to a minimum owing to the paucity of granules; and 
the onter zone occupies the greater part of the cell, the entire substance 
‘of which stains rendily and looks like ordinary protoplasin. After rest, 
however, the granules re-appear, and after the lapse of a short quiescent 
period, the inner granular zone has again encroached on the 
owing to the accunmlation of granules which, rapidly inerexsing, 
the groater part of the cells, and cause them to bulge inwards and 
occlude the lumen of the gland, When digestion commences the — 
cells undergo a alight change in form, so that each individual eell ds 
more distinctly seen, and ite angles are retracted, giving a notehed 
appearnes to the margin of the acinus. The Woot i 
during this period is much incrswed, rod arterial blood ary 
the veinlets of the gland, At the same time the granules are 
fahod in namber, escaping at the free conte) margin of the celle 
into the lumen towards which they appear to crowd, leaving theonter 
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zone ones more clear and free from granules, while the Iumen of the 
saccule and of the ducts are filled with secretion, 

Let us then examine a single cell; during the period of rest 
with a comparatively poor enpply of blood, the cell receives its 





Fig. 70.—One Sacenlo of the Pancreas of the Rabbit in different states of activity. 


A. After a poriod of rest, in which case the outlines of tie colle ary indiatinot, and the 
inner zono, /.¢., tho part of the culls (e) next the lumen (e}, is broad and filled 
‘with fino granules, 

=, After the gland has poured out its secretion, when the cell outlines (d) are closrer, 
= = zone («) is analler, and the clear outer zune is wider. (Kihne 





normal nutrition, which i# accompanied by an accumulation of 
(ranules in the protoplasm next the free side of the cell, During 
secretion these granules are pushed out of the cell, and seem in some 
way to form the secretion. 

It will be seen isnmediately that one of the most important fanc+ 
tions of the pancreatic juice is the formation of peptone from proteid, 
which operation is carried out by a special ferment called trypsin. It 
has been found that this ferment can only be obtained from the active 
panicreas, and that the wider the inner granular zone of the cells is, 
the richer in ferment is the glyccrine extract made from the gland, 
But it lias also been found that if'a glycerine extract be mpidly made 
from an actively secreting absolutely fresh gland, i.¢., removed from 
the dead animal while still warm, the extract is found to be quite inert 
towards proteids, while an extmiet made from a portion of the same 
panereas which has been kept some hours after death ie very active ; 
and a portion of the fresh panereas pounded in a mortar with « litle 
weak neid +008 to develop the trypsin in it, acts in an alkaline solu- 
tion and forms peptone energetically, 
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asanexample, Olein isa compound of oleic acid and glycerine, Olein 
in presence of ferment and soda gives glycerine and oleicacid, and the 
latter combines with soda to form soap, This process materially aids 
in the next, (II) Emulsification.—Which means that the fat is 
reduced ton state of very fine sub-division, as it existain milk, The 
production of this condition is facilitated by (1), the quantity of 
albumin in solution ; (2), the alkalinity of the fluid ; (3), the presence 
of seap alluded to above ; and (4), the motion of the intestines, 





LIL. Action on Starch.—This action of the pancreatic juice seems 
to depend on a separate ferment (A mylopsin), and with the exception 
that it is much more rapid and energetic, and is said to affect raw as 
well as boiled starch, its action seems to be identical with that of the 
saliva, This power is found to exist in the extract of the gland, 
whether it has been removed from a fasting or from a recently fed 
animal, and therefore does not depend on whether the gland is 
engaged in active secretion or not. 


CHAPTER X. 


BILE. 


‘Tae liver has two chief functions, which are so distinct in their 
ultimate object that they may be conveniently described separately, 
although we are not aware that any natural distinction exists in the 
manner of their performance. One is mainly excrementitious, namely, 
the sccretion of bile,* which belongs to the fluids connected with 





Fig. 71.—Section of the Liver of the Newt, in whioh the bite duets have been injected, 
andl can be seen to farm «network of fino capillaries around the Liver cells, tho 
‘cuttines and nucle! of which can be seen. 


digestion, and therefore naturally falls into this chapter, The otheris 
purely nutritive, consisting in the formation of glycogen. The glyco- 
genic function of the liver is of the first importance in the elaboration 
of the Wood, and will therefore be reserved for the chapter on that 
aubject. 


* Probably also the manufacture of urea should be mentioned here, for there is no 
doubt, a+ will be acen later on, that the liver has an important shure in producing this 
muibstinoe. 
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Among the most striking anatomical peculiarities of the liver are: 
(1) The gall bladder is its receptacle for storing the seeretion until it 
is required. (2) It has a double supply of blood, Besides that 
coming from the spleen, pancreas and intestinal canal, collected by 
the trilutaries of the great portal vein, and distributed by its branches 
to the liver, it receives by the hepatic artery a small supply of fresh 
arterial blood, (3) A beautiful network is formed by the minute 
ducts (bile capillaries) which freely anaxtomose between the cella, 
(4) Although in the embryo, and in many animals oe 
their adult life, the liver is a compound saccular gland, 
relation of the duct mdicles to the saccules is 0 


higher animal and man, that the bape dhe is no re, 
the structural arrangement is lest understood — 
vascular groundwork, 


2 

Sravercax or tHe Livzn.—On the surfiee of the liver ary seen 
small rounded markings about the size of @ pin's head, which give 
the organ a peculiar mottled appearance. This is much more 
in some animals (giraffe, tea ig) th than wes pore sre oir 
in the livers of all mammalia. These little areas mark out the lobule of 
the liver, They are surrounded by a dark red boandary, and their 
centre is marked L shee sg Meciseee igh rapes’ {5 
yellowish zone, ‘The dark parts correspond to the blood-yessels, anil 
have a constant relation to Tek Jobules. 

‘The entire liver is mae wp of these little lobules, and each one of 
them hes the same contruction and blood supply, and therefore 
forms in itnelf a little liver perfect in all its stenctural 
wo that the description of one such anit will sutfice to give am idea of 
the structure of the liver. For other details, anatomical works nawst 
be referred to, 

‘The branches of the lange portal vein and those of the suall 
hepatic artery parsae the sme course through the gland, and am 
encleded in a cheath of connective tissue, which also forms the bed of 
the hepatic duct and its numerous tributaries If these launching 
vewols be followed to their final ramifications, they are poe 
around and between the neighbouring lobules The branches 
portal vein in this situation receive the name of etude alae 
‘They anastoroee freely with the terminal veinlets in the vicinity, so 
as to form a network round each lobule. From this a number of 
capillary vostels past into the lobule, and, lying between the gland> 


ie _ 
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cells form a network with long meshes radiating from the centre like 
the threads of a spider's web, ‘These are the lobular blood capillaries 





Pig, T2.—Section of Lobule of Liver of Rabbit in which the blood and bile capillaries 
‘huvo been injected, (Cavtint.) 


@. Intralobolar vein, >, Interlobular veins. 
. Biliary canals beginning in fine capillaries. 
The vessels of this rwliated capillary network become larger as they 
unite ancl converge to the centre of the lobule, where they open into 
a. central vein which lies in immediate apposition with the gland 
celle. This vein is called the intralobular sein, and is the radicle of 
x 
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Between the cells of the lobules there can be demonstrated very 
fine straight anastomoaing canals, which appear to be formed by the the 
juxtaposition of grooves which lic in the middle of the flat murface of 
two neighbouring cells Every liver cell is related to such a canal, 





Fig. 75.—Beetion of the Liver of the Newt, in which the bile Quets lave teem injevtet, 
anil can bo seen to form a network of fine ewpillasies wround the River collie, the 
‘outlines and nuctel uf which can be seen. 


and consequently a very dense network with peculiarly regular 
volygomal meshes is present, each mesh corresponding in size to ob 


Thaw’ fine intercellular canals are called lobwlar lily capillaries, and 
must not be confounded with lobular blood copillaries, the Hanseter 
of which is about ten times as great as the former, and which have» 
definite boundary wall, whilst the bile capillaries haye no other 
boundary than the substance of the liver cell, and therefore are not 
really vowels. 

‘These fine intercellular bile passages are described as cormmuntent~ 
ing with the interlobular ducts directly opening into the duets 
without any marked increase in the size or change of arrangement. 
‘Tho interlobular ducts which follow the course of the artery and 
portal vein are composed of a delicate basement membrane tied 
with a thin Jnyer of epithelium which in the layer vessels shows a 
cylindrical character. The larger bilo ducts have a firm fibro-elastic 
coat Hined with a definite mucous membrane covered with cylindrical 
epithelium lying upon a vascular sulmucom, in which are scattered 
numerous glands of snceular form, 

‘The amount of connective tissue in the liver of man and mest 
domestic animals is very «wall, but in the pig, bear, gitntfe, aud sonse 
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others, it is ensily recognised around the lobules, sending delicate 
supporting processes between the cells of the lobules, It passes into 
the organ with the portal system of vewels forming a loose sheath 
derived from the capsule of Glisson, and is distributed with the sub- 
divisions of those vessels tothe various parts of the gland. 

The lymphatics are known to be very plentiful, and in intimate 
relation to the blood-vessels, 

Mersop or ovrarsixe Bree.—For mist prictical purposes the 
bile obtainable from the gnll-bludder of dead animals is sufficient. 
‘The bile pigments and cholesterin may be conveniently obtained 
from the gall-stones so often found in the human gull-bladder, 

In onder to investigate the composition of the bile as it comes from 
the duets, before it has been modified by its sojourn in the gall- 
Dladder, it i¢ necessary to make a (biliary fistula, communicating 
either with the gall-bladder or with the bile-duet. In this way the 
rate, pressure, and other points concerning the mode of secretion 
may be determined. 

Composinios or Brix.—The bile of man and carnivorous animals 
is of a deep orange-red colour, turning to greenish-brown by decom- 
position of its colouring matter, In herbivorous animals it has some 
shade of green when quite fresh, but turns to a muddy brown after a 
time. It is transparent, and more or Jess viscid aceonling to the 
Tength of time it has remained in the gall-bladder. It has a strong 
Ditter taste, a peculiar aromatic odour, and, after remaining for some 
time in the gall-bladder it las an alkaline reaction. Its specific 
gtavity is about 1010 when taken from the bile-ducts directly, but 
it rises to 1030 after prolonged stay in the gall-bladder, owing to the 
addition of mucus and the absorption of some of its fluid. 

‘The following table gives approximately the proportions of the 
chief constituents of the bile :— 


Water... ©... = 850 por cont, 

PRR RHS elle Minis. Cups moa loe ig 

Colouring matter and mucus. . 30, 

PRs so yee, op 

(Cholesterin, we tw OB og 

Inorgonicsalis 6 ww wk OT 
a 


Bile contains no structural elements nor any trace of albuminous 
bodies, 
I, The bile acids are two compound acids, glyco-cholic and tanxo- 
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cholic, which exist in the bile in combination with sodium. The 
amount of each yaries in different animals and at different times in 
the ame animal, The bile of the dog and other carnivorn contains 
only tanro-cholate of soda, In the ox the ylyco-tholate of soda is 
greatly in excess. In man both are present, the proportion being 
variable, but the tauro-cholate is said to preponlerate. 

To separate these acids, bile is evaporated to one fourth its 
volume, rubbed to a paste with animal charcoal to remove the 
ments, and carefally dried. The black cake is extracted 
absolute aleohol, which dissolves the bile salts. From the strom 
alcoholic solution after partial evaporation the bile salts can be preel~ 
pitated by ether. They first appear as an emulsion, and then form. 
glistening crystala which are soluble in water or alcohol, bat 
insoluble in ether, 

From the solution of the two salts the glyco-cholic ackl = 
precipitated by neutral lead acetate, as lead glyco-cholate, from wl 
the lead may be removed by sulphuretted hydrogen, and the seid 
precipitated from its alcoholic solution by the addition of water, 
‘The tauro-cholic acid may be obtained subsequently by treating with 
asic lead acetate, 

Glyeo-cholic acid when boiled with weak acids, alkalies, or baryta 
water, takes up an atom of water, and splits into cholic acid and 
glyein (amido-ncetic acid). (See p. 43.) 

‘Tauro-cholic acid, under similar treatment, «plits into cholic acid 
and taurin (amido-ethyl-sulphonic acid). (See p. 43.) 

Cholic acid occurs free in the intestines, the bile salts being split 
up in digestion and tauro-cholic ani glyco-cholic acids separated. 

The nitrogenous cholic acid is in a great measure eliminated 
with the frees, while the taurin and glyein are re-absorbed into the 
blood with many of the other constituents of the bile, and arw again 
probably utilieed in the economy. 

No tres of these bile acids can be detected in normal blood, and 
there is no accumulation of them in the body after the removal of the 
liver ; hence it has been concluded that they are manufactured in the 
liver. 

Il, Mucus. The greater part of the mucus which the bile contains 
is produced in the gall bladder, and there added to the bile. Soene 
mnets comes from the mucous glands in the bile-ducts, bat unless 
the bilo has remained in the gall-bladder there is but an insignificant 
amount of niucus present, us is econ when a fistuls is made from the 
hepatic duct. The mucus pases in an unchanged state through the 
intestine, and is evacuated with the feces 





wi 
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ILL. The bile pigment of man and carnivora is chiefly the reddish 
form called bilirubin. It is insoluble in water but soluble in chloro- 
form. It.can be obtained in rhombic crystals, and is easily converted 
by oxidation into a green pigment, biliverdin, whieh ia the prin- 
cipal colouring matter in the bile of many animals, and is not 
soluble in chloroform, but readily so in alcohol. Bilirubin is 
supposed to be identical with hamatoidin,a deeply coloured material 
found by Virchow in old extrayasations of blood within the body, and 
hence the bile pigment is eaid to be derived from the colouring 
matter of the blood. Probably the hwmoglobin of some red cor- 
puscles which have been broken up in the spleen is converted into 
bile pigment by the liver, 

Under the intluence of decomposition bilirubin undergoes a change, 
taking up water and forming hydro-bilirubin; this occurs in the 
intestine, and the bilirubin is thns eliminated as the colouring matter 
of the fwees (stercobilin), which is probably identical with the 
urobilin of the urine. 

IV. Futty matters, the principal of whieh are lecithin (See p. 48), 
palmitin, stearin, olein, and their soda soaps, 

V. Cholesterin (C,jH,,0) is an aleohol, ond erystallises in 
clear rhombic plates, insoluble in water but held in solution by the 
presence of the bile salts. It can be obtained from gall-stonea, the 
pale yariety of which are almost entirely composed of it, The 
cholesterin leaves the intestine with the fwcea, 

VI. The inorganic salts are sodium and potassium chloride, ealeium 
phosphate, some magnesia, and a considerable quantity of iron. 

Tests for Bile-—The most important constituents of the bile, viz. 
the bile acids and pigment may be detected by appropriate tests, 
which are of great practical use :-— 





1, Pettenkofer's teat for the bile acids :—To a fluid containing 
either or both bile acids wld some cane sugar, and then 
slowly drop by drop, strong sulphuric acid. ‘The solution 
turns toa cherry-red and then changes to a fine purple. As 
other substances, such as albuminous bodice, give under this 
treatment a similar colour in order to make the reaction a 
trustworthy test for bile salts, the two characteristic bands 
wiven Ly the spectroscope should also be observed, 


The following is said to be a more chameteristic tert :— 
Rinse out a porcelain capsule successively with the fluid to 
be tested, then with weak sulphuric acid, and finally with « 
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weak solution of sugar, then heat to 70°C,, when the eapeule 


turns purple. 

2. Gmelin’s test for the bile pigments depends upon the fhet that 
during the stages of oxidation the bilirubin undergoes = 
series of changes in colour which follow the sequence of the 
familiar solar spectrum. Place a few drops of the fluid 
to be tested on a white surface (a capsule or plate), and allow 
4 drop of nitric acid, yellow with nitrous acid fumes, tw 
run into it; as they mingle together the rainbow-like play 
of colour appears, ‘This, when watched, will be found to 
consist of a series of changes to green, blue, violet, red, and 
yellow. 

The same can be observed by allowing the acid to trickle 
gently down the aide of a test tabe fixed in an inelined 
position so that it cannot be shaken, the play of colour can 
then be seen starting from the point of junction of the two 
fluids. 


Mrtuop or Srcretiox or Bive. 


The secretion of the liver varies less in the amount formed in a 
given time thon that of other digestive glands Although the 
changes in the rate of its secretion ary not so marked, they fellow 
the same general rule as those of other glands, i, after food is taken 
there is a sudden rise, then a ymdual fall, followed by a second tise 
in the amount produced, as is eo well seen in the case of the 
Although hunger is said to check the secretion of bile, it ix 
continuous o¥ ia the activity of all glands whose duty it 5 to 
climinate noxious substances, 

At the end of a period of fasting, the gall-bladder is always fond 
greatly distended, becanse the secretion has continued to How inte 
that receptacle, and there has been no call for its discharge into the 
deodenum, 

‘The amount of bile produced by dogs is much inflnenced by the 
diet, Tt is very great when meat alone is consumed, less with vegetable 
diet, and very small with a diet of pure fat, As a general rule the 
bile is more abundantly produced in herbivorous than in curnivorous 
animals. 

‘The reeretion of bile ix also influenced by the amount of blood 
flowing through the organ. Ligature of the hepatic artery causes 
cessation of the secretion, and ultimately death, from maluutrition 
of the tirsue of the liver. 
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These variations in the rate of secretion may depend on direct 
nervous influence, but no special secretory nerve mechanism has been 
discovered for the liver, and it is quite possible that the changes in 
the activity of the gland, which accompany the different periods of 
digestion may be accounted for by changes in the intestinal blood 
supply, which give rise to comesponding diffrwnces in the amount of 
blood flowing through the portal vein. If the vena porta be ligatureds 
an effect corresponding to the magnitade of the vessel is produced, 
the secretion is arrested and the animal dies ; butit has been said that 
the secretion continues in the peripheral part of the lobules, If both 
the portal vein and the hepatic artery are ligatured the sceretion at 
‘once stops, ~ 

‘The force with which the bile is secreted is very small. That ia to 
say, the pressure in the ducts never exceeds that of the blood as 
occurs in the ealivary glands; but, on the contrary, when a pressure 
of about 16mm, (63 in.) mercury is attained, the evacuation of the 
bile ceases, and with a little increase of opposing foree the fluid in 
the manometer retreats and finds its way into the blood. The low 
pressure which can be reached in the gall ducts does not imply any 
want of secretory power on the part of the liver cells, but merely that 
there exists a great facility of communication between the duet 
radieles and the blood vessels most probably through the medium of 
the lymphatic, This is made obvious by experiment, by which it 
can be shown that with « comparatively low pressure (200mm.=nearly 
8 in. of water for a guinea-pig) any fluid can be forced into the 
efreulation from the bile ducts, 

It is observable also in the stoppage of the bile ducts in the human 
subject, when some at least of the bile constituenta continue to 
be formed, and pass into the Ulood, where their presence ix 
demonstrated by the yellow colour characteristic of jaundice. The 
ready evacuation of the bile is then a matter of great importance 
for health, the least check to its free exit causing the secretion, 
or as it might be equally well called excretion, to be forced into the 
circulating blood instead of into the gall passages. Under normal 
circumstances, the large receptacle of the gall-bladder being always 
ready to receive, the bile ensures its easy exit from the duets, 
Wut the forces which cause its flow are extremely weak. The 
smooth muscle in the walls of the duct seem rather for the purpose 
of regulating than aiding the flow, 

When food from the stomach begins to flow into the duodenum, 
the muscular cont of the gull-bladder contracts and sends a flow of 
Dile‘into the intestine, which action is doubtless brought about by a 
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reflex nerve impulse, for it is only when this part is stimulated that 
the bile flows freely from the bladder, and the acid geatric contents 
seem to be the most efficacious atimulus, 

In the human subject the quantity of bile secreted bas been found to 
‘de about 600 ce, (21 oz.) per diem in cases. where there were biliary 
evi This would equal about 13 grms. per kilo of the body- 
weight. 

In the guinea-pig and mbbit, it has been estimated to be about 
150 grma. per kilo body-weight. 


Fesctions or raz Bir, 


1. Ae Excrement.—Although the great bulk of the bile is 
absorbed from the intestinal tract into the blood, and again used 
the economy, some of its constituents pass off with the foes, and, 
no «doubt simply exerementitions mattera that must Le got rid. 
‘Thus all the cholesterin, mucus, and colouring matter are 
eliminated, and a considerable quantity of the bile acids are split up, 
the cholic acid being found in the finces. 

2, Aea stimulant, the bile is of considerable uso, for it excites the 
muacles of the intestine to ineressed action, and thereby aide in 
absorption and promotes the forward movement of the food, aud 
more particularly of those insoluble materials which have to be. 
evacuated per anuin : this stimulation may amount to mild purging, 

3. Moiatening ant Iubricating.—The bile adds to the ingesta an 
abundant supply of fluid and mucus, much of which passes along the 
intestine to moisten and Inbricate the fices and facilitate er 
evacuation. In cases of jaundice, or when the bile is removed 
fistula, the feces aro bard and friable, and with diffieulty ex, 
owing to tho deficient fluid and mucus, as well as to the 
petistaltic movements. 

4, Asan Antiseptic, the Vile is said to have an important fanetion: 
to perform. Possibly it restricts the formation of certain of the bye 
products, such as the indol resulting from pancreatic digestion, but 
it is not aseptic, since bacteria abound and thrive in the intestine, 

5. Emulsifeation of fute—The bile has no doubt some power of 
forming an cwulrion, but in a far leas degree than of the 
pancreas ; however, the mixed secretions are probably moro eflien- 
cious than eithor separately, from the presence of the free fatty ackly, 
which form soaps and aid in forming the emulsion, 

@. Asan aiid to absorption —The bile having eome 
has a close relationship to both watery and oily Perigo 


aes? 
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this account, as well as owing to a peculiar power possessed by the 
hile salts, a membrane saturated with bile allows an emulsion of fat 
to puss through it much more readily than if the same membrane 
were kept moistened with water. This can be seen experimentally 
with filter-paper, 

7. By neutraliaing acidity and precipitating peplonces—When the 
acid contents of the stomach are poured into the duedenum and 
meet with a gush of alkaline bile—a copious cheesy precipitate is 
formed which clings to the wall of the intestine, This precipitate 
consists partly of acid albumin (parapeptone) and peptones thrown 
down hy the strong solution of bile salts, and partly of bile acids, 
the salts of which have been decomposed by the hydrochloric acid of 
the gastric jnice. With thebile acids the pepsin is mechanically carried 
down. Thus, immediately on their entrance into the duodenum 
the peptic digestion of the gastric contents is suddenly stopped not 
only by the precipitation of the soluble peptones and the shrinking 
of the swollen parapeptone, bat also by the removal of the pepsin 
itself trom the fluid and the neutralisation of the gastric fluid by the 
alkaine bile, 

By thus checking the action of the gastric ferment the bile prepares 
the chyme for the action of the pancreatic juice, 








CHAPTER XI. 
FUNCTIONS OF THE INTESTINAL MUCOUS MEMBRANE. 


Ix the Mucous Membrane of the intestine are found small glands 
of two distinct kinds. The glands of one kind, which are commonly 





Wig. 74,—Toetion of the Wall of the Small Intestine bald oper to show the valvular 
conniventes, (Brinton,) 





Pig, 77 —Drawing of transverse seetica of the duotenum showing Drtimer’s (amte 
) cxpeningg into Léeberktihm’s follicle (4), (v) vill, (e) mmseular coats, 


called Briinner's glands, and aro localised in the duodenum, ara ine 
significant in number when compared with the others, Livberkilhn'’s 
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glands, which are closely set and distributed over the entire intestinal 
tract in enormous numbers. 

Briinner’s glands form, in some animals, « dense layer in the sub- 
mucous tissue of the beginuing of the duodenum; they are small 





‘Fig. TS.—Seetion of the Mucous Membrane of small intestine, showing Licberkihn'» 
follicles (a) with their irwrular epithelinm and the villi (9) passing aut of view ; 
(¢) Museularis mucose ; (o) Submucous tissue. (Cadit.) 


Wranched sccular glands resembling mucous glands in structure. 
Owing to their small size the secretion cannot be obtained in suffi- 
cient quantity to make satisfactory experiments in respect to its 
properties. It is anid to dissolve albumin and to have a diastatio 
fermentative action, so that probably the secretion is analogous to 
that of the pancreas, us Branner originally supposed. ‘Tho quantity 
of fluid secreted by these glands is so small that its existence is not 
taken into account in speaking of the intestinal juice, by which i» 


es 
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meant the fluid poured 
out by the innumemble 
short tubes or follicles of 
Lieberkiihn. 

‘These intestinal folli- 
cles belong to a vey 
simple form of gland, 
cach one being a single 
straight depresion in the 
mucous membrane not 
deep ae to deserve 
the name of a tube. In 
the small intestine gd 
are set as closily 
villi permit, Tighe 
intestine, where the villi 
are absent, they are mom 
closely set and are alo 
deeper (Fig. 78). Theyare 
bounded by a thin hase 
ment membrane which is 
ombniced by a close enpil- 
lary network of Tloed 
vessels, and ane Tined ly 
a tingle layer of cytindri- 
cal or spherical epithelial 
cells, 

The bey ete, Hein 
of the 
villi whieh revteldal ‘7 
over the mucous mem 
brane of the «mall intee 
tine produce some mimemn, 


(Cudint,) 





Merson oF Onrarxixe 
Letesttvat Srcketion. 
—Consideruble difficulty 
hos been found in obtaine 
ing the proper intestinal 
juice free from adsnixtare 
with the sceretions of the 
liver and pancrens whieh 


Pig. 79.—Villas with the cap@larios injected sbowing their close relation to epitheliam, some of the cells of which are distended with mucus. 
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are carried along and mixed with it. A short portion of the small 
intestine has, however, been successfully {eolated from the rest 
without injuring the mesentery or its blood-vessels, One of the ex- 
tremitics of the isolated portion was closed, and the other was 
retained by sutures at an opening in the abdominal wall. The eut 
ends of the remainder of the intestine were at the same time united, 
so that the continuity of the alimentary trict was preserved. Thus, a 
limited piece of gut formed a cul-de-sac from which the fluid could 
Le collected throngh a flatulous opening, 


Cianacrens oy ty Secretion.—The fluid obtained from such 
a fistula is a thin opalewent yellowish fluid with a strong alkaline 
reaction and a specific gravity of 1011. It contains some proteid and 
other organic material, a ferment and inorganic salts in which 
sodium carbonate preponderites. 


Move or Secrertoy.—The secretion flows but slowly from such 
a fistula but the amount increases during digestion, showing that the 
secretion of the intestine is under the control of some nerve centre 
which can call the entire tract into action when one part is stim- 
ulated. Moreover, the local stimulation of the mucous membrane 
makes it red, and causes it to pour out a more abundant secretion, 
Beyond this little is known of the nervous mechanism or the local 
‘cell-changes which accompany the formation of the secretion, 


Fosctioxs or tae Ixresrixan Jurce.—All the properties of the 
secretion of the pancreas have been accorded to the intestinal juice. 
Tt is eaid to have a ferment, capable of being extracted with glycerine, 
which can convert cane sugar and starch into grape sugar, 
Uning about lactic fermentation. It dissolves fibrin very slowly and 
etill Jess easily other proteids, It ia also said to emulsify fate. 
However, the observations as to ita digestive properties are very 
discordant, experiments giving opposite results in different 
animals, and in the hands of different persons even in the same 
animal, From the foregoing account of the intestinal secretions it 
may be seen that the changes which the various kinds of food 
undergo on their way through this part of the alimentary tract are 
numerous; a short review may therefore be useful ; 

When the acid gastric chyme flows into the duodenum a flow of 
bile takes place from the gall-bladder and at the same time the 
secretions of the pancreas, Briinner’s glands, and Lieberkiihn’s follicles 
are poured copiously into the intestine, The bile meeting with the 
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turbid fluid chyme causes it to change to a soft cheesy granular 
the appearance of which depends chiely on the precipitation 
shrinking of the pampeptone aml peptones. The pepsin ix renders 
powerless, both it and the bile salts being carried down with the 
precipitate, Gastric digestion is thus arrested and the onwant 
of the fluid chyme checked. As the alkaline pancreatic and inte 
tinal juices meet this semi-finid cheesy mass the conversion of starch 
into sugar proceeds rapidly, even the raw starch granules being thas 
changed. The small oil globules come in contact with the alkaline 
aixture of bile and pancreatic juice. ‘The pancreatic 

up some of the fat eeparating the fatty acid from the gl 


5 


some rancid oil, The free acid (the cause of rancidity in the oil) unites 
with some soda to form « soap which in the alkaline mixture enables 
the ail to be converted into an emulsion by even slight agitation, #0 
that the pancreas, by setting free fatty acid, and the bile possibly: 
contributing some sola, aid one another in giving rise to a definite 
bat small amount of 

‘The precipitated parapeptone and peptone and the finely divided 
proteld are presented to the pancreatic juice in a form which ftean 


increased with the over-abundant ingestion of proteid or a purely ment 
diet, and Ss then usefal asa means of preventing the injurious effects 
of too great proteid absorption, 

‘Tho gastric chymae in therefore completely changed In the dapde- 
num, and in tho other parts of the small intestines wo in ite 
wteadl a thin creamy Muid which clings to the mucous 
coats over fis folds (valvalw eonniventes) and surrounds 
villi of the jejumum, &o, ‘This intestinal chyme is the 
which the food is presental to the mucous membrane for absorption, 
Tt resemblos somewhat ly ite whiteness the fluid called ehyle which 
flows in tho Jacteals, and formerly was considered to be identical’ 
it, ‘This creamy ning is tho chicf material found in the 
part of the emall intestine, the coarser parts of the food being 
‘on by peristaltic action to the largo intestine, 
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Tn the lange intestine the secretion of the long closely-set Lieber~ 
‘kithn’s follicles is the only one of importance. Its reaction and that 
of the mucous membrane is alkaline, but the contents of the colon 
is acid owing to certain fermentative changes which go on in this 
part of the intestine, 

Of the changes brought about in the large intestine by the agency 
of the digestive juices we know but little, Judging from the large 
size of the ccncum and colon in herbivorous animals, we are prompted 
to conclude that vegetable aubstances, possibly cellulose, may be dia- 
solved here, but we do not know how thisis accomplished. Although 
devoid of villi, the large intestine can certainly absorb readily such 
materials asarein olution. As the insoluble materials pass along the 
small intestines the supply of fluid is kept up to about the same 
standard, the absorption and secretion being about equal ; but in the 
large intestine, the absorption of the fluid 2o exceeds the secretion 
in amount that the undigested materials are gradually deprived of 
their fluid, and are converted into soft zolid masses which pass en to 
be added to the feces. 

Owing to its absorbent power the large intestine isa ready and 
rapid channel by which materials can be introduced into the system 
in cases in which the stomach is too irritable to retain food, 

The quantity of feces evacuated in the day depends upon the kind 
of diet, being greater with a yegetable than meat diet, averaging about 
150 grammes a day (60-250 grma), This amount may be greatly in- 
creased by largely partaking of indigestible forma of food. The more 
rapid the passage of the ingesta through the intestine the greater is the 
amount of fluid remaining with the fieces, so that any stimulant 
to the intestinal movements reduces the consistence of the freces and 
facilitates the evacuation. The fmtor depends in a great measure on 
the presence of indol, which is an outcome of pancreatic digestion, and 
also upon the presence of certain volatile fatty acids. The colour 
depends upon the amount of the bile pigment and the degree of 
change the latter has undergone. 

‘The fmees are composed of (1) the undigested parts of the food, 
and (2) the useless or injurious parts of the secretions of the 
various glands, In the first category we find perfectly indigestible 
stuffs such as yellow elastic tissue, horny structure, portions of hairs 
from animal food, and cellulose woody fibre and spiral vessels from 

and also masses of digestible aubstances which have been 
swallowed in too large pieces to be thoroughly acted on by the secre- 
tions. All forms of food may thus appear in the fmces, but most 
commonly vegetable substances are conspicuous, 
% 
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In the second category we find a variable quantity of muens amd 
‘the decomposed colouring mutter of the bile, together with some 
cholic acid, cholesterin, &c. 

A few inorganic enbstances are found, mainly those which diffuse 
with difficulty, as calcium salts and ammonio-magnesium phosphate. 


PorrEractive FEeRMeNtarions 1x Tite Ixrestixe,—With theair 
and mliva which are swallowed mixed with the food, large numbers 
of the lower organisms existing in them are introduced into the 
alimentary canal. 

‘The effect of these organisms is to produce certain fermentative 
changes quite distinct from the ection of the «pecial ferments peculiar 
to the digestive fluids. 

‘This is proved by the composition of the gases found in the intes- 
tine, Atmospheric air only is introduced from without, and this is 
not found in any part of the alimentary tract, the oxygen soon 
absorbed and the nitrogen left, while a quantity of earbonie anhydride 
anil hydrogen from the fermentation of the sugar ore set free, Inctio 
and butyric acids being produced at the same time. ; 

Indol ond ekatol are also formed by putrefactive fermentation of 
the leucin and tyrosin, although this isin a great measure held in 
check by the antiseptic nature of the bile, 

It is in the large intestine that putrefactive fermentations havo 
the greatest effect, the acid reaction being caused by the various ackls 
produced. 


With regurd to the interesting question,—Why do not the digestive 
fluids dissolve the tissues of the organs in which they are contained, 
‘we cannot speak positively, We cannot now say that the # 
principle” has a protective influence, for we know the fiet 
tiasuo being alive is not sufficient to ward off the digestive action 
of the alimentary juices, since the limb of a living frog ix Migested 
when introduced through a fistula into the stomach of w dog; and 


FE 


away owing to its licking the fluid, which rapidly digests these parts 
#0 ms to destroy tho skin and even expose the blood vewels 

We can however modify John Hunter's statement that tho resisting: 
power was associated with the life of the structures, by saying that 
it de not the property of an abstract “vital prineiple,” rein po 
resisting power dependent upon the specific character of the pro 
comes of certain textures, 


CHAPTER XII, 
ABSORPTION, 


Ts onder that the food-stuifs when altered by the various processes 
described under digestion, may be of any real use to the economy, 
the nutritive materials niust be distributed through the textures and 
organs, For this purpose they must puss through the lining mem- 
brine of the alimentary canal, and obtain admission to the blood, 
which is the common mode of intercommunieation between the 
various parts of the body, 

‘The nutrient part of the food has then to be absorbed out of the 
alimentary canal by the surrounding tissues, and mixed with the 
general cireulating fluid, 

But the blood is separated from the intestinal contenta by a 
barrier, which for it at least ix impassable, although it exerts 
considerable pressure, and therefore tends to burst ont from the 
vyeasels, 


‘The question then arises—How does the elabonsted chyme make its 
way through this barrier, which is sufficient to prevent the flow of 
blood into the intestinal tract 1 

‘The general answer is casily given, viz. —the blood cannot pasa 
through an animal membrane. But this is not a satisfactory zolution 
of the question, for sometimes, under certain circumstances, the 
Dlood does pass through the wall of the vessels, and normally the 
plasma escapes from the capillaries into the tissues, in order to 
nourish them, We must further remember, in considering this point, 
that the wall of the vessels and the membrane lining of the in- 
testine are both made up of li cells which are endowed with a 
capability, co-incident with their lives, of controlling any passage 
through or between them. Some of these cell-guards, which we 
might call accreting agents, do allow, or rather cause a passage of fluid 
from the blood to the intestinal cavity, and, as we shall presently 
see, other of them induce a passage of the nutritious materials 
from the intestinal canal into the surrounding tissucs. 
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aystem generally ; it may be well, therefore, at this place to give « 
brief account of the construction of the special apparatiua which 
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earries on this function. Although the absorbent vessels form one 
continuous system, they may be conveniently divided into two pro- 
vinees, namely, interstitial and surface absorption. A certain modi- 
fication of the latter, called the lacteal system, occurs in thealimentary 
canal, and is deseribed under intestinal absorption. 


——E Lateratitiad Absorption. 


eee through the body in delicate capillary vessels 
various tissues a kind of irrigation stream of plasma, 


wich the capillaries, permeates their substance so that every 
seaturated with nutrient fluid. The surplus of this irriga- 
toate is collected and carried back to the blood eurrent by a 


special fine vessels with slender walls, called the lymph yaseular 
system, act as dmins to the tissues, and pour their contents 
into the 


When the nutrient fluid escapes from the capillaries, it lies in the 
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‘Vig. 41-—Tendon of Mouse's Tail treated with nitrate of silver, econ a 
paces around the uncles of fibrils as white patchow. ‘Those interstiows may be 
alla the muallst Iyrpt-channels cr paces. (Scbsfer.) 


interstices in the tissue elements, and here bathes the tissue celle 
whieh commonly occupy these interstices. (Figs. 81 and 86.) 

Communicating freely with the interstices of the tissues are irre- 
gular anastomosing flattened channels, which convey the lymph or 
any fluid forced between the tlesues into vessela with more defluite 
walla These vessels, which are lined with characteristic endothelium, 
form a more or less denae network of lymphatic capillaries, from which 
spring the tributaries of the lymph vessels. (Figs, 82 and 83.) 

‘The lymphatic yeesela are throughout slender thin-walled channels 
with cloee-sct valves, usnally in pair, and with frequent anastomoses. 
‘They lic embedded in the connective tise, and when empty, arm 
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difficult to sec, owing to their extreme delicacy. They converge 
towards a central vessel called the thoracic duct, which, passing from 
the abdominal cavity, through the thorax, réaches the left aide of 
the neck, and opens into the angle of junction of the two great veine 
from the head and upper extremity. (Fig. 8.) On the right side 








Fig. 8.—Lymph Channels from the thoi ide ot the centint tendon ef the 
diaphragm of the rabbit, treated with ailver nitrate. "The fue lism intbowte the 
‘Doundarics of the endothelium cells lining Uke lymph channels, ‘Tle dark part 
bows the islets Letwoen the fymphatio network. (Kleén.) 








a emaller trunk conveying the lymph from the right arm and that 
sido of the heal, chest, and neck, opens into the corresponding venous 
tranks. 

‘The thoraeio duct is much larger than any of the numerous tribu- 
taries which enter it at close intervals from all directions, 

Its lower extremity or point of origin is an irregular dilatation 
called the receptaculum chyli, because the lymphatic vessels from the 
stomach and it nes, or lacteala as they are called, pour their 
contents into it, ‘The chyle from the intestines thus flows into the 
same main channel aa the lymph which i derived from the drainage 
of tho tissues and organs of the lower extremity, the trunk and left side 
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of the head and neck and arm; and the two fluids are mixed in 
the receptaculum chyli, and the other parts of the thoracie duct. 


ac) 


4 
1, 
Nj 





Fig. £3.—Dingram of a Lymphatic Gland, shariag (an erect and (¢2) etterent 
Iymphatic yewels ; (c) Cortical eubetance ; () Medullary rubstance; (c) Fibroux 
coat mending trabecul (¢ 7) into the substance of the gland, where they branch, 
and in the medullary part form a reticulum, the trabeculie are surrounded yy 
the lymph path cr ainux, which separates them from the adenoid tissue (1A). 
-) 


Along the course of the lymphatic yesscls are numerous small 
Dodies called lymphatic glands or follicles, which are composed of 
masses of a delicate trellis-work of adenoid tissue, packed with 
nucleated protoplasmic cells, called lymph corpuscles, the combination 
making what is known as lymphoid tiene. (Fig, $4 ((4) and 86). 
‘These mansen of cells and their delicate supporting reticulom are 
enclosed in a fibrous case or capsule from which branching trabeculm 
pass into the gland and separate the masses of lymphoid tiesue from 
one another. Through the convex side of the eapsule the lymph 
channels enter and pour their contents. The lymph then flows 
through irregular paths, which lic between the lymph follicles next 
to the capsule and trabeculm, and lead to the concavity of the gland 
from which the efferent vessel escapes. 
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‘These lymph glands occur in groups in the flexuros of the limbs, 
the recesses of the neck, and the thoracic and abdominal cavities, a 





Fig, 84.—Lymphatic Network fret between the Muscle Conty of tho Intertinnt 
‘with fino vessels and many valves, causing the walls to balee.  (Cililat.) 


large number being placed in the mesentery, in the course of the 
intestinal Jacteals, we 

In the submucous tissue of the intestine there is much of thie 
lymphoid tiene, arrunged in numerous small follicles, which Wdowbt- 
Tess have a similar function to the lymph glands found cleawhere, | 

‘There are various modes of origin of the lymphatic vowels which 
are more or less characteristic of the different parts in which they occur, 

In the connective and allied tissues there are ¥ formed 
fissures or splits, whieh can be Glled with fluid forced into the Haraah 
hy puneturing the skin with the nozzle of a fine syringe, such asia 
used for hypo-ermic injection. 

‘Theso fissures contain the protoplasmic units of the tits, and 
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Pig.85.—Seetion through tho central or medullary part of a Lymphatic Qland, showing 
oaci tiem (a) contadning coplaries (0) nnd a Abrous teabeoula (} containing 
am artery. { 5) 





Fig. 8¢,—Cletts in tho Cormoal Tisrue of a Frog trented with nitrate of sliver, whlah 
leaves the «paces clear and stains the intermeliate structure. ‘Those clefts (a) 
and their processes (0) forin the lymph eanaliculnr syxtem, wnd wt toe mame Yon, 
are the spaces i which the corneal corpuscles reside, (Klekn.) 
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transmit the ordinary transudation stream for nourishing the themes. 
They freely communicate one with another, and lead into the begin- 
nings of the network of lymphatic capillaries. 

The lymph capillaries run midway between the blood capillaries, 


Fig, &7.—Endothelivm from serous surface without stomata (nitrate of silver), 


and are made up of a single layer of nucleated endothelial cells, which 
can be brought to light with silver staining. 

In some tismues, such as that of the contral nervous system, 
the liver and bone, the lymph vessels commence as channels en 


Fig, £8. —Bplothctiess frum revuus surface with tomate surroemded with, 
granular protoplasmic eelle, 
eireling the blood vessels, or perivascular lymph spacey, os they are 
calle, Here the lymph channels form a kind of sheath for the 
minute blood vessels, and pass along to the connective theue forming 


the adventitia, 
‘The lymph vessels may also be said to commence on the wurface of 
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eerons membrines which are intimately connected with the lymphatic 
system, and may indeed be regarded as nothing more than exagge- 
rated Jymph spaces. In most parts of the endothelial surface of 
‘serous cavities are a number of so-called stomata, or small apertures 
surrounded by a few cells, which differ from the ordinary endothelial 
cella in every respect, and probably have to control the passage of the 
fluid from the serous cavity into the lymph vessels, ‘These stomata 
may be regarded ax the commencement of the dense network of 
lymph capillaries, which lie in the sulmerous tissue. 


IL. Intestinal Absorption, 


‘The intestinal absorbents are merely a special department of the 
lymphatic system, which, on account of the whité chyle they carry 
being seen through their transparent walls, have been called lacteals, 
their function being to take up the nutrient fluid from the intestinal 
cavity, as well as to drain the tisiue in 
which they lic, In onler to fulfil their 
function, they are arranged in a particular 
way, especially adapted to the peculiar 
conatruction of the mucous membrane 
lining this part of the alimentary tract, 
which must be briefly described before 
the mechanism of absorption can be 
understood. 

‘The most striking characteristic of the 
lining membrane of the small intestine 
is the existence of villi, which are only 
found in this port of the alimentary trict. 
‘They consist of nipple-shaped processes 
projecting into the intestinal cavity #o Piz. 39—Dingram of rolation 
closely set that they have the appeanince pf. thy eritbelium to the 
of the pile of velvet; and being just ‘Theprotoplasnio epithelial 
visible to the nuked eye, they give the cells supposed to be con~ 
mucous membrane, when washel and ‘reel by adenoid tissue, 
held ander water, a peculiar velvety look. (after Funke). 

‘On account of these villi, and also of the 

ring-like folds of mucous membrane in the upper part of the small 
intestine, the extent of surface over which the chyme has to travel ix 
greatly increased. : 

‘The surface of the villi is covered over witha simple layer of 
columnar epithelial cells in continuity with the epithelium lining 
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the rest of the intestinal tract. The free surfkee of these cella is 
marked by a clear margin which is composed of @ row of mimute rods 
closely packed together, while the deep-seated end of the cells is 
branched, and appears to be prolonged into the substance of the 





Vig, 09,—Bection of Tntestine ef a Dug in which the Loci womole (¢) amd. the Racteahe 
{a} Rave leon injected. ‘The blind ening or amgle loop of Uhe biewk Lacteul ix 
noon to be wurriunided by the eupilary metwork of the Moodressels, (Caillat) 


villus and in some way to be connected with the supporting retiform 
theme. Some of the cells are seen to well upon the addition of 
certain re-agents, owing to thelr containing mucus, which gives 
them a poculinr goblet shape ; henes they are called goblet cella, 
‘Those cells occur at intervals, and some observers comsdder that end 
form a distinct variety of cells, differing from the neighbouring 
Just ae the border cells of the stomach-glands differ from the central 
celle, 

The body of the villus is composed of a very delicate kind of 
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Fig. 01.—Dingrem of Seetion of the Mucous Membrane of the Tutestine, showing the 
Position of the lymph fullielew fo), (Cudias,) 





Fig. ry ancarpirt Single Lympb-follicle of the Small Intestine, showing (a) folliclo 
(0), Which has fallen from the villi (e)  (d) LéeberkGkn's 
frilcles; rte Muscularis mucow, (Cadiat,) 
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connective tissue, forming a slender frame in which a little cage- 
like network of bl ssels surrounds a central Incteal radicle. 
The intorstices of this connective tissue are filled with pale proto- 
plastuic cells, like those formed in the lymph. Under tle basement 
membmine forming the foundation of the epitheliam are some un- 








tinal Woll ia the acighbourhoed of the 
patch), showing the upper mitre (8) sad the Beep 





Fig. #0.—Seetion through the In 
lympefollickes (/) (Be 
‘wide (+) lymphatic plexus 





striated muscle celle which embrace the villus and are able to squeeze 
it and empty the vessel it contains, 

The lacteal rdicls which He in the villi are sometimes double, 
and have a communication with the lymph spaces of the connective 
tinue. ‘They frequently branch as they pass down from the villi to 
reach the dense network of lactenl vessels which lies beneath the 
mucous membrane. At irregular i als throughont the submucows 
tissue ure found masses of lymphoid tissue similar to that seen im 
packets within a lymph gland or in other lyzph follicles, ‘These 
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are either isolated (solitary glands) or collected into groups (agminated 
or Peyer's glands), Though called glands by anatomista, it should 
be borne in mind that they are in no way connected with the secre 
tion of any of the intestinal juices, but belong to the absorbing 
arrangements of the intestine. Around these solitary and grouped 
lymph follicles are spaces and networks from which the lacteal 
weasels arise (fig, 93), 


Macitasisx or Ansonrtiox, 


Formerly absorption was supposed to take place by means of the 
blood-resels alone, but after the discovery of lymph and chyle vessels 
by Caspar Asellius the belief in the direct absorption by the blood- 
vensels was completely abandoned, and all the work of absorption was 
attributed to the lymphatics. However, ample evidence exists to show 
‘that substances capable of absorption can make their way into the 
hlood-vesels of any part not protected by an impermeable covering 
like the horny layer of the skin, and thus be carried directly to the 
general circulation. The share taken by the blood-vessels in inter- 
stitial absorption in the tissnes is not defined, and when no impedi- 
ment to the lymph-flow exists is probably very small. 

Tn the absorption from the alimentary tract, however, the blood- 
vessels appear to take a considerable part, 

How far the tise interspaces and the local lymph-channels, many 
‘of which surround tho blood-vessels, aid in the passage of substances 

“into the blood currents is not known; but moat likely they have 
geome such effect, for the experiments showing direct absorption 
‘By the blood-vossels leave the local lymph-channels in operation, 
while at the same time the normal flow of lymph towards the thoracic 
Anct is more or less prevented. 

Any part which has only the protection of a single layer of epithe- 
lial cells well supplied with superficial blood-vessels has aloa supply 
of absorbent vessels, and therefore is capable of absorbing materials 
in solution which are in contact with the surface, and large quantities 
of fluids and solutions of various materials are absorbed from the 
stomach und Jarge intestine—partly, no doubt, by means of the 
Tneteals or lymphatics, and partly by the minute Dblood-vemels 
‘themselves, 

However, the small intestine seems to be the part of the alimentary 
tract which is especially adapted for taking up the matorials elaborated 
from the food. 

In the upper part of the small intestine the yalvalw conniventes 
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are most marked, and the villi are long and closely set together, Tt 
is here we find the thickest layer of creamy chyme covering the 
taucous membrane, but seldom any masses of partially digested food. 
All these points, which are direetly related to absorption, tend to 
show that the upper part of the intestine is the part specially adapted 
for this purpose, The chyme which clings to the mucous membrane 
contains all the substances which are destined to pass into the 
economy. Into this mixture the villi dip, so that each villus ix 
completely bathed with chyme, From what has been said of the 
construction of the villi it is obvious that such an armungement is 
ailmimbly well adapted to the absorption of the nutrient material, 
which has every facility for making its way into the lacteals and 
blood-vessels, 

‘The princtpal ingredients in the chyme may now be examined in 
detail with reference to their powers of being absorbed. 

‘Water can be absorbed from the intestinal tract in almost unlimited 
quantity, but not so with solutions of salts, The amount of the 
solution of any mlt capable of absorption seems to depend on ite 
endosmotic equivalent. The lower the endosmotic equivalent the 
more readily tho solution passes into the blood-vessela. In those 
cases where the equivalent {4 very high, such as magnesium sulphate, 
there is a tendency of the fluid to pass out from the blood-veasels 
into the intestinal cavity ; hence the watery stoola caused by thir 
and such-like saline purgatives, 

Among the carbo-hydmtes we need only take into account the 
sugars, for starch unchanged is but little if at all absorbed. Only a 
certain quantity of angar can be taken up by the intestinal absorbents, 
since some is found in the feces when the amount taken with the 
food exceeds a certain quantity. Some of the eagur in the intestine 
moreover undergoes fermentation, by which it is converted into 
lnctic and butyric acid. How much of the sugar ix absorbed as lactic 
and butyric acid has not beon determined, but the amount of sagar 
found in the portal vessels or lactenls does not at all correspond with 
the amount that disappears from the cavity of the intestine, 

Ordinary proteids, being colloids, can only pass slowly through an 
‘enimal membrane, hence they are sald to be changed into 
under ordinary cireurastances before they are absorbed. Their al 
tion takes place chiefly in the stomach, and is completed in the 
intestine, as only 4 emall quantity of albuminous substances ix 
found in the large intestine even after an excessive meat diet. The 
more concentrated the rolutions of peptones are the more 
are they absorbed, and the rate of abeorption is greatest at first amd 
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then by degrees diminishes. The presence of alkali is also said to 
facilitate the absorption of peptones. It is a curious fact that neither 
in the lacteals nor in the portal blood can any quantity of peptone 
be found, even during active proteid digestion ; so that it is impos- 
sible to trace out their course as peptones, or to eay by which set of 
channels they reach the blood. If we assume that all proteida must 
be absorbed as diffusible peptone, we are forced to conclude that 
during their passage from the intestinal cavity they must be recon- 
verted into ordinary proteids, But we know that soluble forms of 
albumin are to some extent diffusible (when a solution of salt is 
used) through a dead animal membrane. But even were this quite 
imposible it would not preclude the possibility of their passing 
through the intestinal wall, which presents no such obstacle, for it 
is a living structure that ea overcome such physical difficulties as 
the non-diffusion of colloids, When we know that solid particles 
of fat-can enter the Incteals we can have no difficulty in believing 
that « solution of albumin is admitted, We may then conclude 
that it is not only possible, but even probable, that a good deal of 
proteid is absorbed as ordinary soluble albumin, A certain limit to 
proteid absorption exists, so that any albuminous materials above 
the maximum that escape conversion into leucin and tyrosin are 
thrown off with the faces, 

In the absorption of water, watery solutions of salts, sugars, and 
peptones, there are no physical difficulties to be got over ; #0 that we 
are in the habit of speaking confidently about the mechanism of 
their absorption, although in all probability many cixcumstances of 
which we are ignorant co-operate in bringing about the results which 
fecem to us x0 simple. 

It is not the same, however, with the fatty food-stuffs. A small 
quantity of these may no doubt be split up into soluble glycerine 
and fatty acids, which are at once changed into soluble soaps, and in 
this condition are capable of simple osmotic transmission into the blood- 
vessels or lacteala, However, the greater portion of the fat enters 
the lacteals us such in a condition of a fine emulsion, ie, composed 
of solid particles. This process is difficult to reconcile with our 
physical experiences; for, however finely divided it may be, fat 
emulsified «loes not pass through an animal membrane more freely 
than onlinary fluid fat. ‘The fat emulsion is chiefly taken up by the 
villi of the emall intestines, aa in the stomach it existe only in lanze 
fluid masses or globules, and the amount of fat found in the large 
intestine is small, unless used ox food in great excess. This can 
also be seen in examining the absorbent veasels after a fatty meal 
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when those which carry materials from the stomach and lange intestine 
are clear and transparent, while those coming from the small intestines 
are filled with the white milky fluid which gives them their special 
name of lacteals. There is a limit to the absorbent capacity of the 
intestine for fatty matters, for when a great excess of fat is eaten it 
appears with the excrement, sometimes giving rise to adipose diarrhea, 
thus showing that the amount has exceeded this limit. 

‘The important question remains, how does the fat emulsion make 
its way through the intestinal mucous membrane? That it really 
does so there can be no shadow of doubt ; for it disappears from the 
intestinal cavity, and can be detected in the chyle with the aid of 
the mieroscope more easily than any other of the intestinal eontents 
that are absorbed. 

It has been shown that while « membrane moistened with water 
acts ua a complete barrier to a fat emulsion, and only after 
exposure under high pressure allows traces of fata to pass, the sune 
membrane when saturated with bile will without presmre permit 
the passage of a considerable amount of oil, It has therefore beer 
suggested that the epithelial cells of the mucous membrane are more 
or less moistened with bile, and the particles of fat in the emulsion 
are algo coated with a film of bile or soap, ‘Thus they are enabled to 
pass into the epithelial cells, in which they can be detected during 
digestion, The bile or soapy coating of the fat particles may no 
doubt aid in their transit through the various obstacles on thelr way 
to the lncteal radiclea. But the course taken by the fat particles ean 
hardly be explained in this way, and many circumstances force us 
to the belief that the activity of the protoplasm of brag = 
of some special wandering cells is the real factor in the ease, 
the fat is once seattered through the protoplasm of tho cells pip one their 
prolongation into the delicate connective tissue of the villi, then im 
all probability other forces, such as the contraction of the villi, may 
aid in their further morement to the central lacteal space of the 
villus, 

‘Tho exact utility of the marginal bands of rods or pores which 
characterize the surface of the intestinal epithelium is vot known, 
though it is supposed to be connected with the absorption of fate, 

We may conelode then that the passage through the intestinal 
wall of some of the materials taken as food may possibly be accom= 
plished by mere physical processes, bat it is probable that the vital 
activity of the epithelial cells modifies or controls their absorption. 
‘Tho pasage of the fat can only be explained by the aid of the diner 
activity of cells which by amoeboid movement take up the fing 
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particles and pass them on to the interstices of the connective tissue 
of the villi, 


Lys axp Crayne. 


As these two fluids are mixed together in the thoracic duct, whence 
the lymph is commonly obtained for examination, they had better be 
considered at the same time, 

As we should expect, the fluids coming from the tissue drainage, 
from the lymphatic glands, and from the lacteals of the alimentary 
tract form an opaque mixture which holds a considerable quantity of 
proteid in solution, and contains a number of morphological elements, 
viz. : (1), protoplasmic cella similar to those found in the lymph 
follicles, and in most essential points identical with the pale cells found 
in the blood ; (2), some red-blood corpuscles which give the fluid in 
the thomele duct a pinkish colour; (3), a quantity of very finely 
divided fat, which varies in proportion to the amount of fat recently 
digits (4), other minute particles of unknown function and 
origin. 

When removed from the body and allowed to stand, the lymph 
becomes converted into a soft jelly. This coagulation no doubt 
depends upon the chemical changes in the lymph which give rise to 
fibrin, This subject will be discussed more fully in a future 
chapter, The amount of fibrin formed in the lymph is very small, 
and therefore the clot is very soft, and shrinks considerably. Tho 
quantity of chyle which con be obtained from the lacteals is also 
small, and therefore the thorough investigation of it is difficult, The 
fluid from the tismes differs from the mixed lymph in appearance 
and constitution only during digestion, and then chiefly in contain- 
ing a greater amount of fat and solida derived from the intestinal 
cavity. The lymph of the thoracie duct contains three forma of 
proteid: (1), scram albumin, which can be coagulated by heat ; 
(2), alkali albumin precipitated by neutralization ; and (3), globulin. 
Tt also contains in solution soap, cholesterin, grape-sugar, urea, leucin, 
and some salts, particularly sodium chloride, and the sulphates and 
phosphates of the alkalies, 

‘On their way to enter into the blood-current both the lymph 
and chyle undergo certain changes. Before passing through 
the lymphatic glands the fluid contains much fewer lymph cor- 
puseles than after it has traversed the glands: from thia fact and 
from the structure of the lymph glands we may conclude that they 
are the chief sources of these white cells. The chyle of the Incteal 
youl of the mesentery contains particles of fat which greatly exceed 
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in size those found in the thoracic duct, #0 we may infer that the fat 
emulsion undergoes a further subdivision or modification on ite way 
through the glands, 

‘The lymph which hax been collected from the lymph channels of 
the extremities has heen found to contain less albumin than that 
coming from the main trunk, and after long fasting the Iympls from 
the thoracic duct has the same characters, 

‘The lymph contains a considerable quantity of carbonic ackl gas, 
about 50 vol. per cent., some of which is readily removed by the 
air-pump, and fa therefore said to be merely absorbed by the Mail, 
and some of which can only be removed by the addition of acids, 
and is therefore considered to be in chemical combination. 
merv traces of oxygon have heen found in the lymph. 

‘The quantity of chyle and lymph poured into the blood varies to 
much that any estimation of the amount entering in a given thme fe 
‘unreliable, 

‘The following cireumstances upon whieh the variations may depend 
are instructive :— 


1. The ingestion of liquid and solid food canses a great inerease 
in the amount of chyle. This is obvious from thy change 
in the state of the lacteal vossele, which from being trans 
parentand almost empty become widely distended and white. 

2, The activity of any organ causes an increase of lymph to 
flow from it, 

3, Impediment to the return of the venous blood from any 
part increases the irrigation, é<., the Iymph. 

4. Increase of the amount or the pressure of the blood flowing 
through any part augments the lymph flow, 

5, The administration of curure increases the amount of lymph. 


‘The history of the structural elements or lymph corpaselis, whieh 


farther discussion, as these cells are composed of sctive protoplasm, 
and therefore must be destined for some important function, and 
are produced by some vital process, 

‘The origin of the lymph corpuacle ia not restricted fo any one 
part of the body or to any special organ. It has been said already 
that the lymphatic glands are supposed to Le the most important 
sonres of these cells, because the follicular tiene is filled with 
them, and the lymph contains a much Janger number afler it 
jeosed through some Tymph glands, In the lymphold thew of 
wpleen they are also very numerous, anil no doubt tmany of them 
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have their origin in that organ aswell aa in the intestinal follicular 
tissue and in the red marrow of the bones. Although their number is 
relatively small, lymphatic cells occur in the lymph channels that 
are unconnected with a lymphatic gland, and thee cells no doubt 
come from the blood, which, at we shall see, contains many cell 
elements, which are actually the lymph cells poured into it from the 
lymphatic duct. These cells, when they arrive at the minute blood- 
vessels sometimes leave the vessels and creep by amaboid movements 
into the interstices of the tisme, along with the irrigation stream. 
They may permanently abide in the tissue, or they may be washed 
tack into the larger lymph chaznels with the stream of surplus 
lymph, When the abnormal increase of activity of a tissue known 
as inflammation, occurs, this eseape of the white cells from the 
Dlood takes pluce with great rapidity, and the stages in the process 
can be watched under the mi 

Still another source of the lymph cells may be from proliferation 
of the cells which lic in the tissues. The fixed tissne-vells are said to 
be capable of producing cells identical with lymph cells, and by divi- 
sion possibly multiply and produce thelr like, which may be carried 
along by the lymph stream ax lymph cells. 

‘The enormous number of celle which accumulate as pus when an 
abecess ferma are structurally identical with lymph cell, and pro- 
bably arise from these combined sources, viz., escape frora the blood- 
vessels and proliferation of the tissue cells. 

The Jymph cells therefore, whether they have their origin in a 
lymph gland, the spleen, or in connective titme, perform a kind of 
cirenit, going with the lymph into the blood, and are distributed 
with the latter to the tissues, whence they may be once more’carried 
into the lymph stream. 


Movewent or tre Lraru. 


In some of the lower animals small muscular sacs occur in the 
course of the main lymph channels which pump the lymph into the 
great veins by contracting rhythmically much in the same way as 
the heart, 

In man and the higher animals no such lymph-hearts have been 
found ; the onward movement of the fluid depends chiefly on the 
pressure with which the irrigation stream leaves the blood-vessels, 
The fluid in the blood-vessels, as we shall presently eee, is under 
considerable pressure, which causes the plasma to leave the capil- 
laries, Hence, if a lymphatic trunk be tied, there is intense filling of 
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all its tributarics until a great pressure (S—10 mm., soda eolution) i 
developed in the ve 








Fig. H1.—Diagram showing the Course of the Malt Trunks of the Adsurbent Systeus 
‘The lymphatics of lower extretuition, &e., meeting the lactoala of intestines at Ube 
Feceptacubim chyli (#.c.), whieh opens into the thoracie duet. ‘The supertiekal 
venscls are shown in the diagram on the left arm and leg (s.), and te deeper 
ones ot wo the right (v,), ‘Te glands ere bere and there shown in groupe 
‘The small righ sa into the veins am the right wide. The thomela duvet 
dincharges into the malin of the great veius of the left aide of the neck (¥,), 
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While the pressure exerted on the small tributaries of the Iymph 
n the thoracic duct is extremely mall, 





channels is considerable, 
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for the following reasons. The blood in the large veins into which 
the duct opens is under less pressure than in any other part of the 
vascular system, owing to the thoracic suction, or absence of pressure 
in the thorax, caused by the elastic traction of the lungs. In fact, 
the ‘pressure in the lange veins, eg. brachial, &., varies from 
Oto —4:mm, Hg, and that in the ven cave is always negative, 
except in forced expiration, and varies, according to the period of the 
respiratory rhythm, from —5 mm., in inspiration, to —2 mm. in 
expiration, 

‘The fet that the lymph at the origin of the small channels is at 
a pressure of 8 to 10 mm. of water, whilst at the entrance to the vein 
itis nil, would be eufficient to explain the movement, even if there 
were no other force aiding ite movement. 

Tt most be remembered that every lymph vessel is furnished with 
closely set valves, which prevent the fluid it contains from being 
forced backwards, so that any accidental local pressure exercised on the 
exterior ofa lymph channel helps the fluid onwards to the veins, Along 
their entire extent these yessels are subject to certain forcea which 
must materially uid the flow of the lymph stream. ‘The first of these 
is the pressure exerted on the small vesscls by the movement of the 
muscles in the neighbourhood. The second is the unequal distribu- 
tion of atmospheric pressure, which has full foree on the peripheral 
channels, but ie kept off the thoracic duct and its termination, as 
already mentioned, by the rigidity of the thoracic wall, which, toge- 
ther with the tendency of the elastic lungs to shrink, causea a per 
manent negative pressure in the thoracic cavity through which the 
duet passes, And lastly, the thin-walled lymphatics are everywhere 
surrounded with very elastic textures enclosed in an elastic skin, 
which exert an amount of pressure, sufficient to empty and press 
together the walls of the vessels after death, and therefore during life 
must have considerable influence upon the fluid they contain. 

‘The movements of the chyle depend on the same forces, with the 
addition of the power used in the contraction of the villi, which 
pump the chyle from the lacteal radicles into the network of valyed 
vessels in the submucous tiesue, 

The commencement of the thoracic duct is, moreover, placed in 
theabdominal cavity, and therefore is constantly under the influence 
of the positive presture exerted by the abdominal wall on the con- 
tained viscera, The rest of the duct is in the thorax, where the 
pressure is habitually negative, but where certain variations coinci- 
dent with inspiration and expiration take place, which must aid the 
onward flow of fluid in a vessel containing valves so closely set, 





CHAPTER XIII. 


THE CONSTITUTION OF THE BLOOD AND BLOOD PLASMA. 


Ix all animals, except those which form the lowest class (Protozoa), 
the distribution of the nutritious materials to the varions parts of the 
Dody, as well as the collection of the effete matters prior to their 
expulsion, is carried on by the medium of a fluid which circulates 
through the different parts of the body. This fluid is the blood, 

In vertebrate animals the blood passes through a cloeed system of 
clastic pipes and it is kept in constant motion by the aetion of w 
muscular pump. It is tiret forced through strong-walled branching 
canals called arteries, whose walls gradually become thinner as the 
branches get smaller, and these end in a network of delicate channels 
(capillaries), through which it slowly trickles into the wide soft- 
walled veins by means of which it flows gently back again to the 
heart. In its course it receives the nutritive materials} from the 
stomach and intestines after digestion, the specially elaborated eab- 
stances from the liver, spleen, and lymph glands, and the oxygen 
absorbed from the air in the lungs, In short, it contains and bears te 
their destination all the materials required for the chemical changes 
of the various tissues. While passing through the capillary networks 
of the various tissues, it takes up the waste materials resulting from 
the tismne changes and bears them to their proper point of exit from 
the body ; at the same time the nutriment is allowed to ooze through 
the delicate vessel walls and be diffused in the tissues, 


Gexeeat Cranacranurics or tire Broon, 


‘Tho blood of vertebrate animals is of « bright scarlet colour when 
exposed to the oxygen of the air, but when not in contact with oxygen 
it is a dark purplish red, 

‘The blood is remarkably opaque, as may be seen by placing a thin 
layer ona pieoo of glass over the page of a book. ‘This opacity: 
on the faet that the blood, as will presently be seen, is not a ned 
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Suid, but owes its colour to the presence of solid red particles or 
corpuscles which float in a clear pale fluid, ‘The blood has a peculiar 
smell (halitus) distinct in different animals and man, dependent on 
certain volatile fatty acids. Its specific gravity varies from 1045 
to 1075, the average being 1055, ‘The solid. parts (corpuscles) are 
heavier (sp. gr. 1103) than the liquor sanguinis (1027). 

When first shed the blood has a slippery feel, which it toon loses, 
becoming aticky as it passes through the various stages of the process 
of coagulation. 


Amount oy Bioop 1x tHe Bopr. 


‘The total amount of blood has been estimated to be from 9 to 44 of the 
body-weight for an adult man, and somewhat leas for a new-born child. 

Much difficulty has been found in arriving at an accurate estima- 
tion of the amount of blood in the body. In the first place, all the 
Viood cannot be made to flow out of the vessels of an animal when it 
is killed, Secondly, the quantity and quality of blood are constantly 
varying with the capacity of the blood. els, Thirdly, when 
slowly withdrawn from the body during life it is rapidly replaced by 
more fluid passing into the blood yessela. This explains the enor- 
mous quantity of blood occasionally reported to he shed in cases of 
bleeding to death. In these cases, aa quickly as the blood is lost, fluid 
is absorbed by the fine vessels to replace it, so that if the bleeding be 
gradual the standard quantity is still kept up in the vessels, ‘Thus the 
very sudden loss of a comparatively small quantity of blood may 
eause death, whereas, if the bleeding go on sufficiently slowly and 
gradnally, as much or even more in quantity than normally exists in 
the entire body may escape without fatal result, but of course much 
of this is fluid which has recently entored the vessels to replace the 
Llood already lost, 

Weber's Method. —The per centage of solid matters in the blood 
is first carefully estimated. The absolute quantity of solids in the 
drawn blood is then ascertained and added to the solids obtained by 
washing out the blood-vessels, Here the error arises from the fact 
that, in washing out the blood-vessels, much solid matter besides that 
Delonging to the blood is taken from the tissues and thus an excess 
is found. 

Valentine's Method.—A small quantity of blood is drawn from 
a vein and measured and its per centage of solids is accurately esti- 
mated ; thereupon « known quantity of water is injected into the 
yeasela, After some time being allowed for proper distribution of the 
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water a sample of the diluted blood is taken and ite solids esti- 
mated, The difference in solid contents of the two samples shows 
the degree of dilution caused by a known quantity of water intro 
duced into blood of ascertained strength, und thus the amount of the 
fluid diluted (the blood) may be calculated and added to the amount 
of the first sample of blood. 

‘This method cannot give accurate results, because in the time 
necessary for the distribution and mixture of the water with the cir- 
culating blood much of the former is excreted by the kidneys and 
skin, and the second sample of blood is more concentrated than 
should result from such dilation. 

Welcker's Method depends upon the estimation of the colouring 
matter of the blood. He connected the carotid with a small T piece, 
and allowed the animal to bleed into a bottle in which te blood could 
be defibrinated by shaking with pieces of glass One eubie centi- 
metre of this defibrinated blood was carefully measured off and satar- 
ated with carbon mon-oxide (CO), which gives a permanent ani 
equally bright red colour. It was then diluted with 600.¢0, distilled 
water and kept asa standard colour-solution. ‘The blood-vessels of 
the animal were then washed out with *6 percent, solution of sodium 
chloride until the solution flowing from the jugular vein was colourless, 
‘The tissues of the animal were then chopped up and steeped in water 
and prosed. ‘The washings of the vessels and the infusion from the 
tissues were added together and diluted until they had the sume 
colour-intensity as a layer of the standard solution of the same thick- 
newt. Every 500 oc. of these diluted washings corresponds to 1 cc, 
of blood. 

By this method the following estimates have been made of the 
relation of the blood to the body weight — 
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Only approximate vatinates of the distribution of blood in the bedy 
during life can be made, since there can be no wecurate method of 
investigation, and the amount varies enormously acconting ax the 
organ or part is in « state of rest or activity. It ix supposed that a 
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quarter of the entire amount ix habitually flowing through the heart 
and great vessels, a quarter in the skeletal muscles, another quarter 
in the liver, and in all the other parts only a fourth, 


PaxstcaL Constavctiox or tak BLoop. 


As already stated the blood is not a red fluid. It is seen with the 
microscope to be made up of a clear tluid called plasma or liquor 





FW 05.—IMaman Blood after death of the clements. ‘The red corpussles are seen in 
different positions showing their shape, xome also are seen in rolls. Only one 
white call (vr) i ncen, miesbapen and entangled in fibrin threads, 





sanguini, which containe an immense number of little disc-shaped 
bodies called red corpuscles ani a few colourless protoplaamic cells, 
which are called white corpuscles ; that the living blood may be 
physically tabulated, giving approximately an estimation of the 
relative amounts, thu 









( Plasma or Liquor Sanguinis——— 
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Prasia. 


‘The fluid part of the blood is of a pale straw colour, when pure and 
free from the colouring matter of the blood corpuscles, and of slightly 
less density than the blood corpnacles, (v. p, 169). Except special 
precautions are taken the plasma is altered when removed from the 
blood-veesels and coagulation of the blood takes place, so that under 
ordinary circumstances plasma does not come under observationy 
except when the constitution of the blood ie revealed by the micro- 
scope. It was first separated from the corpuscles by the filtration of 
frog’s blood to which had been added strong syrup, which checks coagu- 
lution and spoils the flexibility of the corpuscles, so that they are 
caught in the meshes of the filter and the clear plasina passes through. 

To obtain mammalian plusma free from corpuscles it is necesary 
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to use some other method, as the small elastic corpuscles easily ran 
through the meshes of the thickest filterspaper, 

The blood of the horse is chosen becanse it coagulates more slowly 
than that of most manmala, and delay in the coagulation or post- 
ponement of the change in the plasma i¢ the chief object to be 
obtained, To enconmge this delay the blood is drawn from a vein 
into a cylinder surrounded with a freezing mixture. The cold, how- 
ever, must not be so intense as to absolutely freeze the blood, for the 
wished for subsidence of corpuscles could not go on if the blood 
becomes solid. It is then left quite motionless for 24 hours, after 
which time it will be found that the heavy corpuscles have fatlen and 
left a clear super 
natant fluid, which 
is plasma contain- 
ing some white cella 
‘This can be removed 


Jetting the blood flow 
into a 25 per cont. 
solution of | mag~ 
‘Resim 





Fig. 90.-Heticalum of Fitrin Threads after staining bay 
made them ). The network (6) appears to start 
from granular contros (3). (anvicr.) (about three vol- 


umes of blocd to one 
ofthe solution), This, if left in a cool place, will not coagulate, and tho 
corpascles will separate by subsidence from the plasma and salt solu~ 
tion, which form an upper layer of clear fluid. If the aalt be removed 
‘by dialysis or weakened by dilution with water, congulation ¢om- 
mences, 
‘The coagulation of plasma can be seen with the microscope to 
depend upon the appearance of a close feltwork of exquisitely delicate 
finely granular elastic fibrils which pervade the entire fluid and canso 
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it to set into a soft jelly. The substance forming the meshes is 
called fibrin, 

Some time after the plasma has gelatinised, the threads of fibrin 
break away from their attachment to the vessel in which the 
coaulum i8 contained, and owing to their elasticity the general mass 
of fibrin contracts, squicezing out of its meshes clear drops of fluid 
termed seri, 

‘The fibrin clot gradually shrinks into unappreciable dimensions, 
‘and floats in the abundant fluid serum, 

‘The separation of the serum is accelerated by agitation of the soft 
clot ; and if brisk ngitation, sch as whipping, be kept up for a few 
‘minutes the plasma does not form a jelly, but the fibrin firmly adheres 
to the stirring rode and at once contracts around them, 


Creaican Coxrosirion or Prasaa. 


On account of the rapid spontaneous formation of fibrin and serum 
when the plasma is removed from the body and allowed to die, the 
exnct chemical condition of the liquor sanguinis during life cannot 
‘be investigated, the separation occurring before the simplest chemical 
method ean be carried out. 

‘We have no reason to suppose that fibrin exists normally in the 
Vlood, but it would appear that this substance is only formed at the 
moment of coagulation, and is one of the most obvious of many 
changes which take place at the time of the death of blood plasma. 

‘The chemical change comprehended under the term coagulation 
occurring when plasma is deprived of its means of vitality, and 
ending in the production of fibrin and serum, is naturally of the first 
importance in studying the chemical relationships of living plasma, 
Tt can beat be followed out in the congulation of plasma when 
separated from the corpuscles, for (although the stages in the coagu- 
lation of Wood are the same, the appearance of an insoluble albumin 
—fibrin—being the one essential in vither case), the corpuscles com- 
plicate the process and modify the appearance of the clot. 

* Net only is the fibrin not present as such in the living plasma, hut 
it requires for its production the presence of other substances which 
either do not exist in the living plasma, or are there so chemically 
associated as not to bring about the change which occurs when the 
plasma is dead, 

‘The reasons for believing this are the following. Fluids which 
sometimes collect by a slow process in the serous cavities of the 
Lody, ¢g,, hydrecele fluid, pleural effusion, &c., if kept quite clean 
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do not generally undergo spontaneous coagulation. If to one of these 
vome serum from around a blood clot be added, coagulation takes 
place just asin plasma (Buchanan), That is to say, we have here 
two fluids, neither of which coagulates when left to iteelf, but which 
do congulate when mixed together. From each of these fluids a sub- 
stance can be precipitated by passing a stream of carbon dioxide 
(CO,) through the fluida Both precipitates readily redissolve in 
weak saline solutions, 

‘The solution prepared from the hydrocele fluid causes blood seruia 
to coagulate ; that prepared from the blood serum causes the hydro- 
cele fluid to coagulate ; and when mixed together the mixture of the 
two solutions coaulates ; while the eernm and hydrocele fluid from 
which the substances have been removed no longer have the power 
of exciting congulation in each other or in like fluids, Here, then, 
are brought to light two materials: one, which may be obtained in 
considerable quantity from serum after coagulation, is called serum- 
globulin or paraglobalin, the other occurring in serous fluids i 
named fibrinogen, Both of these substances are present in the dying 
plasma of the blood prior to coagulation, They can be obtained beth 
together from the plasma (when either of the precautions already 
mentioned—viz, the application of eold, or the addition of neutral 
salt— has been taken to prevent the formation of fibrin) if the 
plaxna be treated with sodium chloride to saturation. ea pe 
cipitates a substance which readily dissolves if water be to 
weaken the aalt solution, and after some time the solution 
spontaneous coagulation, while the plasma from which it has been 
made bas lost that power. This plasmin (Denis) no doubt is made 
of different globulins, chiefly serum-globulin, and fibrinogen, and 
contains in itself all the necesaary “factors” of fibrin formation, bat 
ia not at all identical with fibrin, since it readily dissolves in weak 
saline solutions, like the class of proteida called globulins, while 
fibrin is quite insoluble in such solutions. 

In plasma removed from its normal relationships, then, both 
serum-globulin and fibrinogen exist ; but the former in far greater 
quantity than the latter, 
formed, contains no more fibrin » 
paraglobalin makes up nearly half the entire solids of the remaining 
sera, 

In preparing fibrinogen and paraglobulin (or, as he called tho latter, 
Abrinoplastin) Schmidt found that the more carefully they were made, 
the weaker and more uncertain their action as fibrin factors became ; 
and finally he made solutions which, when added together, did not 
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produce coagulation, but which, when added to less pure solutions, 
gave good firm clots. From this he suspected that a third agent 
which acted as a ferment was necessary to put into operation the 
fibrin-producing properties of the other two factors, He moreover 
succeeded in separating the third agent, to which he gave the name of 
fibrineferment. By treating blood serum with twenty times its 
volume of strong alcohol and allowing it to stand a month or two, the 
proteids are precipitated and rendered quite insoluble in water, and 
with them the ferment is carried down. From the dried and 
yowderod precipitate the ferment ix extracted with water, ‘This 
solution when added to the mixture of the pure fibrin factors which by 
themselves did not congulate caused rapid coagulation, but not when 
ailded to either one or the other of them singly (Schmidt). 

‘This material seemed to have been influenced by those cireumstances 
which affect the activity of ferments in general : it has a minimum, 
0° C,, maximum, 86° C., and optimum, 38° C, temperature of activity, 
with various gradations of rapidity of action between each, and St is 
destroyed by a temperature above 80° C, The amount of fibrin-ferment 
only seems to influence the rapidity with which the fibrin is formed, 
not the amount, which rather depends on the quantity of serum- 
globulin (parnglobulin). 

The source of the three fibrin generators is a question of much 
dlifficalty, and may be discussed with more profit, together with the 
qnestion of blood congulation, within and without the veascls, after 
the morphological elements have beon described. 








PREranaTioN AND Properties oF Froniy. 


Fibrin may be procured cither from plasma or blood by whipping 
and then washing the insoluble fibrin with water. When fresh it has a 
pale yellow or whitish colour, a filamentous structure, and ia singu- 
larly clastic, It is not soluble in water, weak saline solution, or ether. 
Alcohol makes it shrink by removing its water. When quite dry 
it is brittle and hard, and can be reduced to a powder. It swells in 
1 per cent. hydrochloric acid, and if then warmed ia soon converted 
into acid albumin. 

‘The amount formed varies very much even in the blood drawn 
from the same animal at the same time, but is always very small 
compared with the size of the blood clot. It never reaches as much 
#1 per cent,, commonly varying from 0'1 per cent, to 0°3 per cont. of 
the entire mass of blood, 
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Srrvm. 


‘This name is given to the clear fluid which oozes out of the clot of 
plasma. It only differs from the latter in its chemical composition 
in so far that fibrin is separated from it, Though chemically this is 
alight difference it signifies the change from a complex living body 
(blood plasma) into a solution of dead albumins, &e, 

Serum is a clear straw-coloured alkuline tluid of 1028—1030 ep. gry 
holiing in solution different organic substances and some i 
alta, After a full meal the eerom is said to be more or less milky 
from the presence of finely divided fat, 

It contains about 9 per cent of solid matters, of which a large pro- 
portion, 7 per cent, are proteids. Of these the most abundant is 
(1) serum-albumin (about 4 per cent. in man), a solution of which 
becomes opaque at 60° C., and coagulates at a heat of 73°—75° C. 
‘The proteid next in importance is (2) seram-globulin or paraglobalia 
{about 3 per cent, in man), which has already been mentioned. It 
may be precipitated imperfectly by CO,, or completely by magnesium: 
sulphate, (3) Serum casein has been obtained from serum by careful 
neutralisation with acetic acid after the removal of the parsglobalin 
by CO,. This is mid to be paraglobulin which has failed to come 
down with the CO, (4) Neutral fate in a state of fine subdivision 
are prevent in a variable quantity ; also (5) lecithin ; (6) tmoes of 
sugar; (7) various products of tissue change—kreatine, urea, &e ; 
and (8) inorganic «alts, viz., sodium chloride, abont 5 per cent, 
and sodium carbonate, which probably existed in the blood a4 sodium 
hydric carbonate. There is also a simall quantity of potescinm 
chloride, But it should be remembered that there isabout ten times 
more sodium than potassium salts in the serum, and probably in the 
Llood plasma. 





CHAPTER XIV. 


BLOOD CORPUSCLES. 
‘Tite relative number of red discs to the colourless cells is said to 


be, on the average, 350 to I, 
the fine vessels by pancture. 
While in the vessels the 
blood must contain a greater 
proportion of the colourless 
cells, for by the ordinary 
method of obtaining blood 
for examination, they do not 
flow out of the punctured 
capillaries 08 readily a4 
the red discs, and moreover 
many of them become disinte- 
grated very shortly after they 
are removed from the cireula- 


‘This is true of the blood drawn from 


(w) t#seon, misshapen and entangled ir. 
‘brie threads, 


tion. Although the number of red discs normally alters but little, 
the relative number of red to white varies very much on account of 
the constant changes occurring in the number of the white cells, 
which las been found to differ according to the observer, the aitua- 
tion, and other circumstances, as shown in the following table, 
which gives the number of red corpuscles to one colourless cell :-— 


Observer's estimate of normal Loan? - 
Welcker 5 
Moleschott 


In various parta of the circulation :-— 


Splenic vein . 
Splenic artery . 
Hepatic vein , 
Portal vein 


Hed. White, 
+ + 330-1 
- » 357-1 


» 6-1 
. 2260-1 
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Acconling to age or sex :— Atel. White. 
Gils. sk juke ae - + 405-1 
oye. ses po: ben 
Adult. ‘ ° . . . . . 34-1 
Oldage . . + 8 6) 6 5 


Accanding to general conditions -— 
When fisting - . ee oy ae a 
Aftermeal, =. - Pera 
During premanoy. 9... ee SBT 


In a disease of the apleen and lymphatic glands called Leuooey- 
themia there may appear to be nearly as many white cella as red 
disca. Here, however, the red dises are deficient, while the colouriee 
cells are multiplied. 


Tae Warre Bioop-ceus 


The protoplaamic cells of the blood, commonly called the 
white corpuscles, differ in no essential respect from the pale 
round cells which are found in most of tho tissues of the body, 
They exist in great numbers in the fluid which drains back from 
the tissnes into the blowl, namely, the lymph, and occupy m 
great part of the lymphatic glands and spleen. ‘They ara aften 
spoken of a# lymphoid cells, leucocytes, or indifferent formative 
cells, on account of their being so widely distributed Uhrivghout 
the tissues, 

When fresh blood is examined with the microscope these celle eam 
be acon generally adhering to the glass slide or cover-glass ani Ising 
singly, apart from the groups of rod discs, They can be recognised. 
by their faintly bluieh huc or absence of marked colour, their 
granular structure, spherical shape, and the nuclei which may often 
de recognised near the centro of the cell. Though not always visible 
in quite fresh preparations, the nuclei can be brought to light by the 
action of many reagenta—eg., acetic acid, If looked at while being 
moved by the blood-current in the capillary vessels, they are Been to 
pass slowly along in contact with the vesel wall, while the red 
corpuscles rush rapidly past them down the centre of the elannel 
(fig. 98) This may ly be due to their peculiar adhesiveness, 
which aleo causes th stick to the glass alido, whilvt the red 
discs are washod away when s littl stream of mline solution ie 
allowed to flow under the cover-glass, These cells show all thy 
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manifestations of activity characteristic of independent living beings: 
If kept in a medium suitable to them, and at the temperature of the 
body, they will be seen soon to alter their appearance ; their out- 
line becomes faint, they 

are no longer spherical, 

but very irregular in 

shape, and constantly 

change their form by 

sending out and retract- 

ing delicate processes, ly 

means of which they 

change their position, 

40 that they may be saidl 

to perform locomotion. 

These movements are 

rendered more active by 

aslight increase of tem- 

perature, and are checked 

by cold. For continued 

observation about 38° C. 

is the best temperature. 

They respond to many 

other influences, such ax 

electricity, &c., even for 

a considerable time after Pig. 98. —Vomets ‘ 
eaieauen, Poe 

No doubt they nbecrb “TNS te eapiary networks The dack apts 
fluid nutriment continn- are pignaent cells, 
ally from the surround- 
ing medium, as is shown by the effect of poisons on them ; and, 
ly the repeated contractions and relaxations of parts of their sub- 
stance in the form of peeudopedia, they appear to take into the inner® 

of the protoplasm solid particles, which after some time are 
ejected after the manner of the emall unicellular aninials known a» 
amosbee (LV, p 00). 

While in motion in the circulation none of these amaboid move- 
ments appear to take place, but when an arrest of the flow of blood 
fn the expillaries oceurs they not only change their form, but also 
their position ; and if there be no onward flow of blood for some 
little time, they ereep ont of the expillaries, poasing throagh the 
delicate vessel-wall4. This emigration of the bloot cella is possibly 
® common event when a tissue is in need of textural repair, When 

so 
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excessive it forme one of the most striking items of the series of 
eventa occurring in inflammation. 

These cells differ much in size; generally thoy are somowhat 
larger than the red discs. Nothing like a cell-wall can be seen to 
surround them, and from the movements above described it would 
appear certain that they are free masses of active yu 

‘The number of white cells that can be collected is too small ty 
allow of accurate chemical analysis, but there is 10 reason fo suppowe 
that they differ from other forma of protoplasm. 


Onwartx or TH: Corourtess Bioop-centa 


Since such an unimportant circumstance as » hearty ment cam 
materially influence the numbers of the white corpuscles, it would 
appear that they must be usually undergoing rapid variations in their 
number—probably by their being constantly med up and periodically 
replaced by new ones. The places in which they occur in greatest 
number are the lymphatic glands, the «pleen, and the lymph 
follicular tissue in tho intestinal tract, 

‘There is no doubt that the lymph contains a much larger propor 
tion of these cells after it has passed through the lymph glands, ane 
the Mood coming from the spleen contuins an excessive proportion af 
them. 

It is then not unreasonable to suppose that many of the white colle 
found in the blood have their origin in these organs, 

‘They may also be developed from similar cells in any tiwwe, but 
their multiplication by divieion, other than that which probably 
occurs in the lymph follicles where it cannot be seen, is a ehreum- 
stance of the greatest rarity, and few observers have been fortunate 
enough to witness the phenomenon, 

‘The destiny of the white blood cells is probally manifold, Bram 
tho readiness with which they escape from the capillaries and wander 
by thelr ameboid movement through the neighbouring thane to 
reach any point of injury, it would appear that they take am active 
part in tho repair of any teens whee vitality has in any way suffered, 
During the growth of all tissuen the celle seem to contribute setive 
agents in their formation ; thus in the formation of bone it has 
boom statod that escaped blood celle or their immediate offspring 
help to lay down the calearvous material, and some even mettle thems 
eclves as permanent inhabitants of the lacuna, 





SHAPE AND SIZE OF RED CORPUSCLES, 181 


Farther, they are in-all probability the means of renewing tho 
red dises, Their protoplasm either takea up the colouring matter 
from its surroundings, or forms it within itself from suitable ingre- 
dients Certain it fs that cells are foand which are recognisable a3 
white blood cells which have more or less of the red colouring matter 
embedded in thelr substance. As this increases the cell gradually 
loses its distinctive charmeters and omames those of a red corpuscle, 
‘Such elements, it will be seen, anv common in the splecn and the 
‘Mood leading from it. 


Tae Rep Coxrvactrs, 


‘Tho red discs were discovered in the human blood by Louwenhoek, 
about 1673. They alone give the red colour which charucterises the 
blood of all vertebrated animals (except the ampltioxns), but are not 
found in the blood of the invertebrata, which only contains colour- 
less cells. When the blood of the invertebrates has a colour, it owes 
it to the fluid, fot to the corpuscles: The individual discs when 
viewed singly utwler the microscope appear to be pale orange, but 
when in masses the red becomes apparent, 

‘The shape of the corpuscles differs in different classes of animals, 
Tn man and all mammalia they are discs which are concave on each 
side, and rounded off.at the margin. The only ¢lass of mammals 
which form an exception to this rule are the camalidw, whose red 
corpuscles are elliptical in shape, like those of all non-nfammalian 
‘vertelrutes. 

‘The corpuscles of binds, amphibia and fish are flattened elliptical 
plates, which are slightly convex on each side, aud contain a distinct 
oval nucleus in their centre, 

The size of the corpuscles varies greatly in different clhases of 
animals, but is strikingly constant in the same clas, A glance at 
the following dingram, in which the corpuscles are drawn to scale, 
will give an idea of their relative sizes in examples of the different 
clawes of animal, and will make the following points more rapidly 
obvious than any description. 

‘The size of the animal has no general relation to the size of the 
corpuscles, The human red discs are of a fair average size when 
compared with those of other mammals, and therefore man’s blood 
eannot be distinguished from that of the other mammalia, 

‘The mammalian corpuscles are, on the whole, small when compared 
with those of the other vertebrates, Tho batrachians are distin- 
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guished by the groat size of the corpuscles, ‘Those of the Amphiuma 
‘Tridactylum are visible to the naked eye, 





Pig. W—Diagram of the relative isos of red corpusctes of Aiffercut animale, The 
Mmeaturemente below are in fructions of aa inch. 





‘The following measurements are given by Welcker for the human 
discs -— 
Diameter . . . 00,077 of a millimetres ith of an inols, 
Thickness... 09,010 of a millimetres qth of an inch, 
Volume . 0/000,000,077 of a cubic millimetre, 
Surface. . . 0000,128 of a square millinsetre, 
‘The last measurement would give about 2,816 square metres for the 
eutire blood of an adult, A surface of 11 square metros ie exposed 
every second in the lings for the absorption of oxygen. 
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When circulating in the vessels, or immediately after removal, 
the red corpuscles are very soft and elastic, being bent and altered 
in shape by the slightest pressure, and easily stretched to twice their 
diameter, But the moment pressure or traction is removed, they 
retun to their normal biconcave dise-shape if the medium in which 
they lie continue of the normal density. (See fig, 97, p. 177.) 

Changes take place in the blood shortly after it is removed from 
the body, which seem to be associated with the Joss of function 
(death) of the red discs, as shown by their rapid destruction if re- 
introduced into the circulation, 

These changes are checked by cold, and facilitated by heat, a 
temperature above that of the body causing them to take place 
almostimmediately. Associated with the loss of function of the dises 
is observed a change aceompanied by an apparent increase of adhe- 
siveness, which causes them to stick together, commonly adhering by 
their flat surfaces, «0 as to form into rolls, like so many coins placed 
side by side. ‘That this adhesion is not a mere physical process, inde- 
pendent of the chemical properties of the corpuscles themselves, seums 
proved by the following facts :—(1) It doca not occur immediately 
when the blood is drawn, and it disappears after a certain time 
without the addition of re-agenta ; (2) while the blood is in the 
living vewels under normal conditions there is no adhesion, but it 
soon appears when any standstill in the circulation takes plice—as 
in inflammation ; (3) it does not occur when saline solutions are 
aided to the blood. It seems then to be dependent upou a peculiar 
property of the discs, which only existe for a time coincident with 
the changes that accompany the appearance of fibrin. 

‘The shape of the discs changes when the density of the medium in 
which they are suspended is altered. When the density is reduced, 
as by the addition of water, they swell and become spherical, and 
Dreak up the roulenux, the colouring matter at the sume time be- 
coming dissolved in the medium, (Fig. 100.) When the density 
is increased by slight evaporation, or the addition of ralt solution 
about 1 per cent. they cease to be concave, and beenme erenated or 
spiked like the green frnit of the horse-chestuut, (Fig. 101.) ‘The 
addition of strong syrup causes the corpuscles to shrivel and assume 
@ great variety of peculiar bent or contorted forms, (Fig. 102) 
Elevation of temperature or repeated electric shocks causes peculiar 
changes in shape, but since the change is associated with the death 
of the element, it cannot be attributed to vital activity comparable 
with that which is seen in the white cells, 

‘The discs show no signs of structure under the microscope : they look 
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perfectly homogenous transparent bodies of a pale orange colour, all 
efforts to demonstrate the limiting membranes, formerly{sapposed to 


Fig. 101.—Showing effect of evapo~ 
tation. Bex Red Corprencbon ore= 
nated. (vw) White cell ebungringr 


surround them, having failed. ‘heir behaviour when certain re- 
agents are added to the blood shows that the corpuscles have two 
constituents : (1) the colouring matter, Oryhenoglolin > and (2) the 

Stroma, The colouring matter may 
be removed—as above stated, by water 
—from the corpusele, and then leaves 
a perfectly colourless transparent foun 
dation or groundwork, which appears 


a 
Bg OEP 


Yigg. 102. — Hed Corpusetos, ehrivettd 
‘by the adulitios of stroug ayrup. 


(White Copan the removal of the colouring mutter 
from the stroma is to alter the colour and increase the tramspa- 
reney of the fluid. The oxyhwmoglobin now forma a trnapirent 
dark-red lakey solution, and the corpuscles, being quite coloutless, 
are practically invisible. This transparency of the fluid does mot 
depend on any change in the oxyhsemoglobin, but merely on its being. 
dissolved out of the discs, This process, which ia commonly spoken 
of as rendering the blood “lakey,” may be bronght sbout ly the 
following meant (1) The addition of about } ite bulk of distilied 
wator, to dissolve the colouring matter ont of the stroma, which 
may then be rendered obvious hy a weak solution of iodine, (2) 
the addition of chSoroforns, other, neutral alkaline palta, oF 
(3) By passing repeated strong induction whocks through the bleod. 
(4) By rapidly freezing und thawing the blood several tion, 
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All of these processes produce the sume effect; viz, the red matter 

Teaves the stroma intact, Solutions of urea, bile acids, and heat of 
about 60? ©, seem to destroy the discs, 
and thus remove the colouring matter. 
‘Carbolic, boricic, and tannic acida cause 
the colouring matter to coagulate and 
Jocalise iteelf either at the centre or 
munyin of the corpuacle. (Fig. 103.) 

Thenumber of dises in the blood of 
man is enormoms, namely, in a cubic Pig 103— Mos. Corpurcle afte 
millimetre of blood, about 5 millions the addition of tannic acid, 
for males, and 4} millions for females, 
or about 250,000 millions for one pound of blood. The number 
yories muteh, not only in disease, but also as o result of the many 


Pig. 104.—Dfalawee” Apyaratus for the Enumeration of Bool Carpuacles. 
As Meauring and mixing pipotts. _», ‘Flattened and ealibrated capillary tube. 


physiological processes, such as changes in the amount of plasma, 
brought about by pressure-differences, &e, 

In onder to count the corpuscles the following method is employed. 
‘The blood is diluted with artificial plasma to 100 or 1,000 times its 
yolume, and the corpuscles in a portion of the mixture carefully 
measured off by a capillary tube, and counted. This operation re- 
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quires great care and delicate apparatus. One of the best- 
known methods is that of Malassez, the details of which are as 
follow :— 

Blood is drawn into the capillary tube of a specially prepared 
delicate pipette (Fig. 104, a) up to a mark which indicates gy part of 





Load al 
“ne 























Fig, 105.—The appearance peomented by the Capillary Tube of Malasser! 
whem fled with diluted toed am examine under « roleroscope 
Aiausetere provided with an eye-piece micruneter, 


the capacity of the pipette. This known quantity of blood ta then 
washed into the bulb of the pipette by drawing up artificial serum to 
fill the bolb, where the fluids are mixed by shoking about the fine 
bead contained inthe bulb. Some of this mixture is then allowed 
to pass into a flattened capillary tubo of known capacity fixel un a 
slide, and the number of corpuscles in a given length of this tube at 
two or three places is carefully countod. ‘Tho important quostion, 
how miuch oxyhemoglobin existe in a given mmyle of blood, can be 
Aternined by diluting a drop until the colour equals that of a 
standard solution of known strength, 





OXYH.EMOGLOBIN. 


Cumustay or THe CoLouriva Marrer op Tax Broop, 


Of the chemical constituents found in the red blood corpuscles, the 
red colouring matter is by far the most important. To it alone the 
blood owes one of its most important functivns—the respiral 

Oxghomoglobin is 4 chemical compound of great comple 
of which the per centage composition is given as— 


Carbon ty ee 5 BEBO 
Hydroen 5 www. OTB 
Mioyen =. cs OU 
Oxygen. . 2. BP8d 
Roigter  ) es ee OB 
Tron . . . . oad 3 


Its rational formula is unknown, but the following has been pro- 
posed as approximate, Oy Hogg Nya, Fe S,0,,,. It is commonly 
regarded as a form of globulin, associated with a coloured material 
containing iron, called Hiematin, Its chief peculiarities are (1) that 
although it contains a colloid substanoe, it crystallises more or less 
readily in all vertebrates when removed from the stroma of the cor- 
pureles ; (2) the considerble amount of iron it contains (0-4 per 
cent.) ; (3) the remarkable manner in which it is combined with 
oxygen to form an unstable compound ; and (4) the ease with which 
it yields its oxygen to the tissues and takes it from the air, 

‘The readiness with which the oryhemoglobin crystals are formed 
varies much in different animals and under different circumstances, 
as may be scen from the following list— 


Most readily—guines pig, rat, mouse, 
Readily—eat, dog, hore, man, ape, rabbit, 
With difficulty—sheep, cow, pig. 

Not at all—frog. 


The presence of oxygen causes the crystals to form more rapidly, 
*o that a stream of oxygen passed throngh a strong solution of 
haemoglobin causes emall crystals of oxyhwemoglobin te form. 

‘The crystals always belong to the thombic system, being most 
commonly plates (man, &c.) and prisms (cat), and rarely tetrahedra 
(guinea pig) and hexagonal plates (equirrel). 

The colour of the erystals and their solution vary according 

,to the light by which they are looked at, By reflected light 
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they are bluish red or greenish in colour, and by direct light, 
scarlet, 

‘The preparation of oxyhemoglobin eryatals is accomplished by first 

separating the colouring matter from the corpuscles by freezing, or 

the addition of water or 

vther, and rendering it 

r Joss soluble by evaporation, 

cold, and the addition of 


we = 


vation it generally wuttices 


to kill a rt with ether, aml 

a Ps) expose a tttop of thn blood 

siluted with distilled water 

® on a alide until half dried, 

o and then cover. Crystals 

7H Kat valnnle dhoviagthevasneyinormot appear in the fluid ws it he= 

exyntabe—t, guinea pig; 2, man; j,muirre. — comves more concentrated. 

‘The combinations which 

hmmoglobin enters into aro numerous, and throw much light upom 
the funetion of the corpuscles. 

‘As already stated, the colouring matter, when exposed to the 
alr, combines with oxygen to form a loose chemical coni 
called oxyhcemoglobin. ‘This is the condition in which the coloar 
ing matter of the blood is commonly met with, Although so prone 
to combine with oxygen, the oxyhemoglobin very readily parts with 
wome of it, In the circulation it in always united with oxygen, 
normally leaving the lungs iu a state of saturation, On its way 
through the capillaries of the tissues, it parts with sone of its oxyety 
Decoming more or less reduced (hemoglobin), bat even the most 
‘venous blood always contains some oxyhwmoglobin, 

‘The oxygen ean be removed by reducing the pressure under an 
air pump, or by exposing the solution to a mixture of nitrogen amd 
hydrogen. Various reducing agents rob the oxyhwomoglobin af ite 
oxygen ; and if Mood or a solution of oxyhemoglobin be seabed ‘in « 
glass tube 20 as to exeluile the air, the loose oxygen i taken up by 
some of the other constituents of the blood, and the oxy! 
becomes grultally reduced to hemoglobin, This depends on the 
putrefactive changes in the proteils, and may be prevented by 
careful aseptic precautions. If the reduced hwmoglobin be shaken 
for a fow moments with air, the Uright colour characteristic of oxy~ 
hemoglobin soon reappears, and if the reducing agent be not ine 
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¥ g. 107, —The Bpectra of Oxyhsmogiobin, reduced hernoglobin, and CO-hurtnoglobin, 
: {Gningve,) 
2, 2,5, and 4, Oxyhuoglobin inerewsing in strength or thielness of wikotion. 
4. Rextuced hesmoglotvia. 6, CO-harnoghabin. 
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jurious to the blood, the reduction and reoxidation may be repeated 
several times, the hemoglobin going through the changes which 
take place in it during normal respiration. 

The union of oxygen with hemoglobin solutions is not mere 
absorption of the oxygen She the liquid, but a definite chemical com- 
bination, This is seen from the following facts :—(1.) When the 
pressure is removed the oxygen does mot come away from the Hquit 
in acconlance with the Jaw which governs the escape of absorbed 
gas (vide p. 199). (2) The two subutanices give w different remlt, 
when examined with the spectroscope. The reduced hemoglobin 
gives one wide diffuse band, which lies between the D and E lines 
of the solar spectrum, aml much of the violet end is cut off. ‘This 
spectrum, which is characteristic of reduced hemogtobin, is replaced 
by two bands when the hemoglobin combines with oxygen— 
one broad band in the green near E, and a narrow one, more clearly 
detined, in the yellow close to the D line; both bands lie between 
Dand E. With strong solutions the spectrum is darkened at either 
extremity, and the two bands become wider and tend to fuse 
into one. (3%) Further, the oxygen may be replaced by other eal- 
stances which unite with the hwmoglobin. One of the most im- 
portant of these is carbonic oxide, which forms a much mor atalile 
compound with hemoglobin than oxygen. It is of a bright yi 
red colour, and has two absorption lands in the 
ike thote of oxyhwmoglobin ; that in the yellow is, howe 
removed « greater distance from the D line towanla the violet 
end, 

It iv this compound which is formed in poisoning with carhenic 
oxide. The CO occupying the place of the oxygen, this destroys 
the function of the blood corpuscles, CO-hemoglobin may be die 
tinguished from O-humoglobin by not Iwing reduced by 
greedy of oxygen, and by the bright red colour which appears 
when 10 per cent. solution of caustic soda ix added, and the mixture 
heated. O-huomoglobin gives a maddy brown colour nnder the same 
treatment, 


Decomrommtios or H.xoavosrs, 


Homoglobin may easily be broken up into two constituents— 
namely, (@) 4 colourless substance which is nearly related to the 
class of proteids called globulin, and (6) a biackieh red 
material called /ematia, which contains all the iron of the hemo 
globin, 





HAMATIN, HAMIN, &C, BID | 


This change is brought about by whatever causes the coagulation 
of albumin, such as the addition of acids, strong alkalies, and heat to 
70°C. 


Hauanis, &e. 


Hematin is a secondary product, being the result-of the oxidation 
of a substance called hwmochromogen, which is the first out- 
eome of the decomposition of the humoglobin, ‘Hemochromogen 
cam only be obtained in an atiosphere of hydrogen or nitrogen, 
as it immediately takes up oxygen to form hematin. The 
formula Cy, H,, N, Fe, 0, bas been given for hwmatin, It dis- 
wolves in weak alkaline and acid solutions, but not in water or in 
alcohol. 

Hu-matin is readily prepared by mixing acetic acid with a strong 
solution of haxmoglobin, which becomes a dark brown colour, The 
dark hematin can be removed by ether. But if the acid used be 
strong the solution of hematin is found to be free from iron, This 


iron-froe hematin Preyer calls Juematoin, If now the acid hematin: 
solution be saturated with ammonia, the iron again becomes united 
with the lwematoin, forming alkali-hamatin, 


Haars. 


Hwmatin unites with hydrochloric acid to form a crystallizable 
ody called Acemin or hydrochlorate of 
hematin (Teichmann’s crystals), 

If blood or dry hamatin be mixed with 
a «mall quantity of common salt, a drop 
of glacial acetic acid added, and the mixture 
boiled, small characteristic crystals appear 
which have been found to be produced by 
the union of two atoms of hydrochloric 
acid with the hmmatin. 

‘The formation of these crystals is very 
easily accomplished with a small quantity 
of old dried blood ; therefore this substance becomes, in medico- 
legal inquiries, an important test for blood stains, 

Crystala of a substance called Hrematoidin are formed in old 
Dlool-clots retained in the body. It does not contain any iron, and 
has the chemical formula C,, Hy, N, 0, It is probably identical 
with bilirubin, one of the colouring matters fonnd in bile, 


Fig, 108,—Hvemin Crystals. 
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Grom, 
‘This name haa been given by Preyer to the proteid part of the 
uwmoglobin, on account of its slightly differing from globniin, 
it resembles it in being precipitated ly the weakest acids, even 
¢arbon dioxiile, 


Caxsustay or THE Stroma. 


‘The stroma forms only about 10 per cent. of the solid parts of the 
corpureles, the rest being hemoglobin. The proteid basis of the stroma 
is probably mostly made up of a globulin, aleo containing lecithin, 
cholesterin and fats in minute proportions, There is Little more 
than one-half per cent. of inorganic salts in the red-blood corpuscles, 
of which more than half consists of potassium phosphate and elilorite. 


Devriorsesr or tax Rep Desca, 


In the carly days of the embryo the blood-veasels anid 
appear to he formed at the came time from the middle layer of the 
blastoderm (mesoblast). They first consist of round, nucleated, colour- 
Tess cells, which subsequently become coloured, gradually lose their 
nucleus, and assume the characteristic shape of the red corpuscles, 
the reat of the original mass of protoplasm remaining as a rudi- 
amentary blood-vessel. 

In the later stages of embryonic life the red corpuscles are said 
to le formed in the liver, possibly out of protoplasmic clement 
whieh are male in the spleen and thence carried to the liver by the 
portal circulation. 

Tn the connective tissue of rapidly growing anh 
(Kolliker), mbbit (Ranvier), mt (Scbifer)— certain cells ean le 
seen to be connected in the form of a capillary network, and within 
the protoplasm: of these cells red colouring matter is developed, amd 
the particles of colour can soon be recognised as characteristic blood 
corpuscles, arranged in rows within the newly-formed networks, Thus 
isolated small networks of capillarios, consisting of a few meshes 
filled with blood corpuscles, are forme: independently of the general 
elreulation, 

‘There corpascles and their hwmoglobin ars manufactured by 
faolated protoplasmic elements in the connective tissue, and salme~ 
quently added to the general mass of blood by the growth of the 
network Weinging it into continuity with the vowels, 

In the adult the formation of red blood corpuscles is of course 
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much lees active, but certainly never conses to take place in health, 
for the corpuscles must be renewed a8 they become worn out, and 
incapable of performing their function, This reproduction can go 
on with consideruble rapidity, as we seo after severe hemorrhage, 
when the normal richness in hwmoglobin and corpuscles is soon 
arrived at, Their formation is, however, probably confined to a few 
xpeeial organs—spleen, liver, red medulla of bones—where transi 
tional forma are founil in such mumbers aa to point to the probability 
of the rel corpuscles being the offspring of the colourless cells, whose 
protoplasin either manufactures anew or collects the necessary ]aemo- 
globin, and then loses its nucleus and ordinary cellular chanieters, 

We can only yuess at the fate of the discs, but there are many 
things which point to the spleen as the organ in which they at 
destroyed. In the spleen an enormous number of protoplaanis 
elements are produced, and the blood comes into relationship with 
the nascent cells ina way unknown in any other part of the body, 
Further, various unusual elements, some like altered md corpuscles, 
others like white cells enveloping hemoglobin, are found in this 
onan, 

‘The blood corpuscles on coming to the spleen are possibly sub- 
mitted to a kind of preliminary test of general fitness, some elements 
of the spleen pulp having the faculty of exantining their condition 
and deciding upon their fate. Many, no doubt, pass the trial without 
any change, being found in good working order, Others that are 
found totally unfit are broken up, and their effete hmmoglobin 
carried to the liver to be eliminated as bile pigment, Some possibly 
undergo a form of repair, a white cell taking charge of a weakly 
dive renews its stroma, adds to ita hwmoglohin, and carries it through 
the final proof in the liver, where it is chemically refreshed before 
going to the lunge for the load of oxygen which it has to carry 
to the systemic oxpilluries. 


Tue Gases or THE Bioon, 


These are present in two conditions: ive. (1) dissolved in it in 
accordance with well-established physical aws,* and (2) chemically 


£3-A ives auld stsorts the mse evame of « given pas indepenent of the 

het gus. 

Th. At the mame temperature the volume of a pas varies inversely with the presvure, 
0 that with twice the prowurs & given voluine of a gas ka twice the weight, 

TIL. Therefore tho amount dy wright of gas absorbed by a liquid depends directly on 
‘the proure, being wil in vacuo, 

‘The weight of a given volums of a ax docroases us the tempemtury increases, thene= 
fore tho asnount of ax abeurbed is in fuverss proportion to tho temperature being 
Practically a at boiling point, 

s 
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combined. But since the latter are but loosely combined they may 
be separated by the same means as the former, and thus the oxyien, 
carbon dioxide, and nitrogen can all be removed by reducing the 
presstire with the air-pump, For this purpose a mercnrial pump must 
be used, by means of which a practically perfect vacuum can be forneed 
and all the gnses obtained in. a manner which facilitates farthor analysis, 
Together they are found to measure about 60 volumes for every 
100 yolumes of blood. 

Oxygen.—The amount of oxygen in the blood is found to vary 
much with circumstances, In arterial blood the qnuntity ie much 
more constant, and alwaya exceeds that in venous blood. It is 
estimated (at 0° C. and 760 mm. pressure) that every 100 volumes 
of arterial blood yield 20 volumes of oxygen, whilst the volutes of 
of oxygen in venous blood varies from 8 to 12 per cent, 

‘The oxygen which comes off in the Torricellinn yactum exists 
in the Wlood in two distinct states —(1) a very stvall quantity 
simply absorbed,—about as much as water absorba ander atmsos 
pheric presture ; (2) chemically combined, in which atate nearly all 
the oxygen exists, and forms with the bmmoglobin « loose combinn- 
tion called oxyhemoglobin. ‘This oxygen therefore does not fillow 
the laws of absorption by leaving the blood in proportion as the 
pressure is reduced, but at a certain point of reduction of pressnne 
(20 mm, mercury) the oxygen comes off almost completely. 

Carton Dioxide (CO,.—The amount of earken dioxide also 
varies more in yenous than in arterial loge, for under cortain eft 
enmstances (suffocation) it may rise to over 60 volumes per cunt, 
although onlinary venous blood on an avemge eontaine only ai 
voluincs in every 100, On the other hand, the amount of this gua 
in arterial blood varies Little from 39 volumes per cont. 

‘Tho langer proportion of carbon dioxide exists in the plasmas, where 
it appears to be chemically combined with soda salts, 

Nitregen.—The amount of nitrogen does not vary meh, Vela fn 
both venous and arterial blood about 15 volume percent, ant iz 
would appear to be simply absorbod. 

For further details about arterial and venous blood, #&e Respiration, 





CHAPTER XY. 
COAGULATION OF THE BLoop, 


Iw speaking of the chemical relationship of the plastna (see p. 173), 
the formation of fibrin has been mentioned ns the essential item in 
ecagulation, and the relation of fibrin to its probable precursors has 
been discussed. If the points there explained be borne in mind, and 
the presence of the corpuscles be taken into account, the various 
characteristics of the clot which forms when blood is shed into a 
vessel can be easily understood, and should require no further 
description, ‘The great importance of the coagulation of the blood 
in pathological processes makes it expedient, however, to consider 
more closely the steps of the process as well as the various eircam- 
stances under which it occurs after its removal, as well os in the 
living vessels. 

Before the formation of « perfect clot, blood may be seen after it 
is shed to pass through three stages: 1, viscous; 2, gelatinous ; 3, 
contraction of clot and separation of serum, 

The first stage is vory short and in thin layers of blood passes 
immediately into the second, With considerable quantities of blood, 
contained in deep vessels th tral parts take some little time to 
turn into a firm jelly, #0 that the completion of the sccond stage may 
‘occupy from ane to thirty minutes 

After from ten to fifteen hours the third stage begins ; clear drops 
of serum appear about the clot which contracts until it forms but a 
comparatively «mall moas floating in the serum. If the jelly-like 
clot be disturbed, the serous fluid makes its appearnnce much sooner 
than the time just stated. 

During the formation of the clot under ordinary circumstances the 
corpuscles are entangled in the meshwork of fibrin, so that the 
gelatinous tnass has throughout a dark red colour. 

If the coagulation takes place slowly—as it does in very cold 
weather, in horses’ blood, or in human blood if removed from 
a person during fever—then the heavier red corpuscles have 
time to subside to the lower layers of the clotting plasma, while the 

92 
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white cells are canght in the methes of the fibrin and remain in 
the upper layer of the clot, which then has the palo colour fatsiliar 
to the physician in the old daya of bleeding as the “Daffy coat,” or 
crwita phiogisticn, Thix Wutly cont contains a greater proportion 
‘of the elastic fibrin 

and soft white cells 

than the rest of the 

clot, and encloses 

Wut few red com 

puseles, — therefore 

the filrin can con- 

tract more — ¢6iie 

pletely in this upper 

layer than im the 

deeper part of the 

clot, which fneludes 

the red corpuscles, 

The effect of this te, 

that thy upper sur 

face becomes com> 

cave, anita “ouppedl!* 

clot is formed, ‘The 

contraction af the 

clot proceeds far 

Pesach! enetincant ayy lin one 
from granular centres (vn). (Ikanvier.) ‘tome the charncters 
described above the 

Vlood. should be kept in a cool place and perfectly motionhes, 

The contraction of the filrin aud separation of the serum ex be 
macle to take place much more quickly by gentle agitation causing the 
ends of the filrin threads to separate from the sides of the vemel, bart 
by thus disturbing the clot, during its formation, the corpesclos are 
displaced and escape into the serum, which is thus stained am 
cannot be seen in its clear transparont state, 

If brisk agitation with » glass rod—or better, a bundle of twige— 
be commenced the moment the blood is drawn, the fibrin i formed 
tnore mpidly, but the corpuscles are not entangled in its meshes, for 
x quickly aa the elastic threads are formed they adhere firmly to the 
rod or twigs. Thus the fibrin is formed very rnpidly, and the 
onlinary Wood-clot, consisting of fibrin and the corpuscles, does not 
appear, for the fibrin is separated from the latter during tho congite 
Jaton, We thon have what is commonly spoken of ax “defilei= 
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nated blood,” which does not give a clot. Not that the clotting has 
been prevented, but the material essential for the formation of a clot 
has been removed as quickly as formed, and instead of catching the 
corpuscles in the meshes of its delicate fibrils to form the clot in the 
onlinary way, the stringy shreds of filrin cling around the beating- 
rod aaa jagged masa, ‘The following tables show the relation of 
the different constituents of coagulated and defibrinated blood re- 
apectively :— 


(Plasma 7 __ § Sema (appesning aa clear suid), 


=) Fibrin) 
Corpscles ¢ = Blood clot. 


Living Blool= } Gorpnscles j 


, Fibrin (removed on the rod). 
= } Serum i =Defibrinated 
(Corpuscles | blood. 


; — { Plasma 
Living Blood= ¢ Corpuseles § 


Many circumstances influence the rpidity with which a blood clot 
ix formed. Speaking generally, the removal of the blood from its 
normal supply of nutrition and from the opportunity of preserving 
the necessary equilibrium of chemical interchange between the 
corpuscles, the plasma, and the tissuee—in short, circumstances which 
tend to injure the corpuscles or the plasma, and promote the changes 
resulting in their death—must hasten coagulation ; while, on the 
other hand, the conditions which protect the corpuscles and impede 
the stages in fibrin formation must retard coagulation, 

Theee may be arranged categorically, viz, 


A. Circumstances promoting coagulation :— 

1. Contact with foreign bodies is of the first importance in hasten- 
ing coagulation. The greater the surface of contact with 
the vessel or the air, the more the corpuscles are exposed to 
injury, and the more rapid are the destructive chemical 
changes inducing fibrin formation. Thua a drop or two 
of blood falling on any surface 20 ns to spread out ina thin 
Jnyer clots almost instantly, 

2. Motion, by renewing the points of contact between the blood 
and the moving agent hastens coagulation, Thus, by 
whipping fresh blood, all the fibrin can be removed in a few 
minutes, and the defibrinated blood left without a clot. 

3. Moderate heat. The formation of the fibrin generators and the 
aetion of the ferment seem to go on more mpidly at 38° 
—40° ©, than any other temperature. 
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4, A watery condition of the blood causes mpid tion Wat 
a soft clot. This ix seen in repeated Wleodings or 
hemorrhages ; the blood which flows Inst clots first. 

5. The addition of a email quantity of water by setting up rapid 
changes in the corpuscles accelerates coagulation, 

6, A supply of oxyjen.—Oxygen is used up in the chemical 
changes attendant upon the death of the blood, and its pre- 
sence aids the formation of firm clots, such as are produced 
in arterial blood. Exposure to the air in a shnllow vessel 
facilitates coagulation, partly ly extensive contact anil partly 
Dy # frow supply of oxygen, But expoeure to alr ix not 
necessary, for blood collected in mereury, without over 
coming in contact with the air, congulates very rapidly, 


B. Circumstances which retard coagulation :— 
J. Constantly renewed and close inter-relationship with the 
Lining of healthy Moort-vessels alone afforts the requirements 
essontial for the preservation of the living corpmscles and 


plasina in their normal condition, 

2. When the blood is surrounded by healthy Meing tiaswes inter- 
changes may occur between them, and if the oxygen supply 
is deficient, coagulation is much delayed. Thus considerable 

ics of blood effused into the tissues may be liquid 
and Dlack for many days after its escape from the vessols 
‘This durk blood clots on removal and exposure to the airs 

3 Low temperature—The rate of coagulation ieereasts with a 
temperture below 38°C, and the process is ebocked at O* C. 

4. A great guentity of water scons to render the ection of thy 
fibrin factors weak. 

5, The addition of egy allumén, syrup or glycerine, retarda the 
proces, 

6, Tho midition of concentrated solutions of meutral aalte (about 
tires volumes of 30 per cent, solution of magnesium sulphate) 
quite prevents coagulation, 

7. The addition of snaall quantities of alkalies. 

& The addition of acetic neld until very alight nck reaction ix 
obtalied. 

9, Tnereaso in the amount of carbon dioxide, ‘This, together 
with the want of oxygen, explains why venous Mood elote 
mote slowly and loosely than arterial, and why the blood fi 
tho Ustended right die of the heart in commonly Mauil 

after death from wuffocation. 
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10. The blood of perons suffering from inflammatory disease 
coagulates slowly, but forms a very firm clot. 


Since the blood coagulates spontaneously when removed from the 
body, the question now arises, how does it remain fluid in the blood- 
vessels? 

Though this question has long occupied much attention, it is still 
difficult to formulate a definite answer. Nor can we expect to find 
any adequate explanation until we are better acquainted with the exact 
details of the origin of the fibrin generators, It must be remembered 
that the blood should be regunled as a tissue, made up of living con- 
stituents requiring constant assimilation and elimination for the 
maintenance of its perfectly normal conditions and life One ean 
confidently say that congulation is the outcome of certain chemical 
changes concomitant with the death of this tissue, and that while 
the tise lives no such changes take place, But such an answer 
adds little to our knowledge of the matter. 

‘Since constant chemical intercourse must be kept up between the 
blood and its surroundings in onler to sustain the complex chemical 
integrity essential for its life, we cannot be surprised that its waste 
menterials accumulate, and that it soon dies when shed, just as other 
tiesmes do when deprived of their means of support. Tho formation 
ofa solid and the separntion of a liquid form of proteid is in no way 
unusual as « first step in the decline from exalted chemical conatruc- 
tiom, for similar changes occur in other tissuos, and in protoplasm 
itself, ‘The soft contractile substance of muscle, probably during its 
contraction, arid certainly at its death, tends to undergo almost exactly 
the sume kind of change as the blood in coagulation. 

Ifwe knew accurately the nutritive process taking place in the blood 
iteelf, and with which of its ewroundings it keeps up chemical inter- 
change, the answer would be much simplified, But we have in the 
blood three elements that probably have different modes of assimila~ 
tion oud elimination, via, plasma, white cells, and red dises. But 
we pmetically know nothing of the changes they undergo during 
their nutrition ; or whether their tiesue changes have any necessary 
relation to those of the neighbouring tieues, We do know, however, 
that ther exists some intimate relation between the membrane 
lining the vessel walla anil the contained blood, They seem to re- 
quire frequently repeated contact one with the other in order that 
the normal condition of both may be maintained in perfect, vital, 
integrity. Thus fresh supplics of blood are required by the vemel 
swall, for when deprived of its nutriment by a stoppage of the blood- 
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flow, it soon loses its power of retaining the blood, and admits of 
extravasation ; and renewed contact with the vessel wall fs equally 
necessary for tho blood, for the cells econgregnte, anil the plnsima, 
when the stasis becomes injurions to the intima, coagulate, Pro- 
bably the chemical changes going on in the one are usoful for the 
nutrition of the other, and that thoy mutually supply one anothir 
with some material essential for their life. This is apparent in those 
‘enses where coagulation takes place during life in the veasela. It 
never occurs 20 long as the intima of the vessel ix perfect, and the 
blooil-flow constant, but it follows leeion of this delicate mnom/rane, 
whothor caused by injury or by malnutrition. 

The gradual occurrence of this impairment of function of thw 
intima can be watched under the microscope in the small vessela of a 
tronsparnt part during the initial stages of inflammation. Owing 
to the arrest of the flow of blood, the walls of the small vessels suffer 
from defective nutrition, and may be seen to allow some elements to 
excape, While the discs adhere together and the blood ecagnlates, 

Tn the larger vessels the same thing occurs when inflammation of 
their lining wembrne destroys its capability of keeping up the 
necestary nutritive equilibrh ‘Thus clots form on the inner lining 
to the walls of an inflamed vein, often growing so as to fill the entire 
‘vessel, and give riso to n condition called thronboris 

On the loft valves of the heart and in the arteries, where the 
delicate intima is subjected to great mechanical strmin, it i 
common enoogh to find slight injuries of it covered over with thin 
clots To tho surgeon this metas! nutrition of intima and Dood fe 
of the utmost inportance in studying the otelasion of vessels, for it 
ds upon this fact he bas mainly to depend for the stoppage’ of bamuers 
thage from a wounded artery. A tightly-tied Ligature either injures 
tho inner conts mechanically, or starves the intima by ebvoeking thi 
flow of Mood through the vessel up to the next branch, ated thet 
portion of the vessel is filled with stationary blood, whieh soun elote 
and formean adherent plug. But if the ligature be applied too loosely, 
a slight blood currvnt pases through the point where the vessel fe 
tied, aml this suffices for the nutrition of the intima by the renewal 
of the blood’s rontact, so that no clot is formed, the vowel ie not 
closed, ami most probably when the ligature has ent through the 
outer coat, secondary hernorrhage oocurs, 

It has also boon shown that if any foreign enistance, such asa 
thread, be introdocel into the blood while cirenlating, a euqguluany 
will form amund it From this it would appear that the yunsener 
of substance which cannot carry on the necessary chensleal Enters 
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course with the blood will excite irritation in its elements, and so 
effect alight local death of the plasma and the production of tibrin. 

‘The time required for the production of intravascular coagulation 
asa result of mere stasis i happily long, for it has been found that 
the blood current may be stopped in a limb, by pressure or otherwise, 
for many hours without congulation occurring. Indeed, cases have 
occurred where & tight bandage hasstopped the cireulation for an 
entire day without coagulation taking place, This is explained by 
the fact that so long a8 the intima lives, the blood remains fluid ; 
short, the tissuea die before the blood clots in the vessels. 

‘The tissues continue to live for some time nfter an animal 
‘and 0 we see the blood remains fluid in the vessels a long ti 
death ; in fact, aa Jong as the vessel wall con nourish itself and t 
‘Thus it has been shown that the Ulood in a horse’s jugular vein 
separated by ligature from the circulation, and remoyed fiom the 
anineal, will remain flaid for fully twenty-four hours, 

In cold-blooded animals the tissues live for even a longer time. 
‘The heart of the tortoise, if kept under mitable conditions, will 
oat for two days when removed from the body, and, as Bricke las 
a blood contained in it will remain fluid wntil after the heart is 

jontl. 

If the details of fibrin formation be followed within the blood- 
‘vessels, it is found that the injured spot or foreign body firat becomes 
covered over with white corpuscles, around whieh threads of filriy 
appear attached tothe rough surface, As more fibrin is formed and the 
layer thickens, only a few cells can be seen in its meshes, but a great 
nutuber always exiat on the surface of the new fibrin, forming a layer 
between it and the blood, It is, moreover, remarked that cougulation 
has some relation to the abundance of white cells in all spontancously 
coagulating fuids. The more cells, the firmer the clot, In patho» 
logical exudationa also, and theee acute serous collections which co- 
agulate em ranoval from the body, fine gmnular thread of fibrin 
seem to start from the white cells, and radiate from them ina stellate 
manner, 

Alex. Schmidt believes that a great number of white blood cells 
undergo chemical disintegration the instant the blood ia shed, and 
he considers that the filin ferment, and probably other fibrin gene- 
mators, are the result of the destruction of these weak cella; and he 
excludes the red corpuscles from taking any share in the process, 

However, there ix good evidenge that the plasma and the dises can 
give rine to all the fibrin factors, and we know that in the circulation 
white cells must be destroyed and yet cause no coagulation, 
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Moreover, if some Ilood be allowed to flow into a fine capillary 
tube, the white cells can be seen to move away from the red discs, 
and the formation of the elot—a delicate fibrin network enclosing 
the dises—may be watched. Here the white cells exhibit manifesta- 
tions of life for a considerable time after the clot has been formed, 
and their death could not have been the source of the fibrin factorn 

Tn conclusion, then, we can only suppose that as in other tismes 
scme chemical changer must go on in the clementa of the blood 
‘These changes give rise to new products which may produce fibrin, 
and hence cause coagulation. But so long as the elements of the 
Dlood are freyuently brought into close relationship with a healthy 
veal wall, tho fibrin factors are cither prodacel in such small 
quantity as to be ineffectual, or they are altered, deatroyed, or taken 
up by the intima and possibly utilised for its nutrition. When the 
Dlood ia removed from the vessels, the production of the fibrin factors 
proceeds effectually, either on account of the blood elements under- 
going destractive changes, and accun ae the prelucte—fibrin 
generators ; or owing to the impossi of re-inteyration, the Mein 
factors suddenly appear as a product of lethal chemical change or de= 
compesition, 

Tn accepting the first view, we only adopt the theory of Johu 
Hunter, who thought eoagulation was an act of life. If we adept 
the other view, we must necds say it is an act of death, But, after 
all, this is a mere difference in degree, for how cun we disth 
between the failure of a tesue to re-integrate or repair its nornsal 
chensical changes upon which its life depends, and the inevitable 
result of this failure (if prolouged beyond « certain point) namely, 
its death T 

Whin white cells congregate at a point from which the intima ix 
Htripped from a vesel, their moro active exertion possibly produares 
anote ferment, &e., and ot the sue time they remain at the injured 
part of the vers! wall, and the removal of the titrin factor cannet 
cogent, since the intima is destroyed ; hence, local clota are formel 
which oxtend over the injured surface, and by a process of organim- 
tion, probably the repair of the denuded patch can let accompitished, 





CHAPTER XVI. 
THE HEART, 


‘Tne course taken by the blood on its way to the various parts of 
the body is called the circulation, on account of its haying to make 
repeatedly the cirouit of vessels leading from and to the heart. ‘The 
leart is the great rotor power which drives the blood through all 
the vessels, of which there is one set leading from and to the organs 
of the system generally, and another sct leading to and from the lungs. 

Anatomists speak of two cirvulations—the greater or systemic, and 
the lesser or pulmonary. However, if we follow the course of the 
Mood, we sve that both these sets of vessels really belong to the one 
ciralation, and in fact form but one circuit. The blood passing 
through the lungs and systemic vessels consecutively visits the heart 
twice on its way, in onler to acquire the force necessary to overcome 
the resistance of the two sets of capillaries, Although in all the 
higher animals the heart forms but a single organ, it practically 
fs composed of two muscular 
pumps which are anatomically 
united but distinct in funct 
In its course round the cireula- 
tion the blood visits ench of these 
fumetionally distinct hearts ut 
quite different parts of its clreuit. 

‘The right heart is placed before 

the pulinonary vessels and pumps: 

the blood through the lungs. ‘The 

Jolt heart is placed before the pie, 110,—Diagram of Cirmulation, showing 
systemic veasels and pumps the right (e.1.) and Jefe (1.1) hearts, and 
Diood through the body generally. She Pulmonary (r) and wystei (x) ets 
‘Thus anatomically there appear " 

to be two circulations and but one heart; physiologically there is 
‘one cireulation and two hearts ; or two points of resistance and two 
distinct pumping organs to drive the blood through the obstacles, 

‘The circulation might then be represented by a simple diagram (Fig 
110) in which the direction of the current is indicated by the arrows. 
L. H. shows the position of the left or systemic pump, and S. the resist- 
ance in the systemic vessels, R, H. represents the pulmonary young 
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and P.the second obstacle in the cirouit, viz, the vessels of the 
Jungs, 

However, it must be remembered that the right and eft pumping 
organs are fused into one viscus, which has two distinct and sepirate 
channels for the pusage of the blood through it. In each svstet of 
blood vesels we have the sume general arrangement for the distri- 
Dution and re-collection of the blood. 

Tn passing from either the right or left side of the heart the blood 
flows into tubes called arteries, which divide and suldivide until 
the branches become microseopiesl in size, From the yery minute 

arteries tho hod passes 
into the capillaries, whieh 
cannot Yo maid to beanels 
Wat are arranged so ae be 
form a network of delientie 
tuber with mom or lie 
close moshes, acearding to 
the part. 

Connected with the 
imeahes of the capillaries 
wre other small vessels 
which collect the blood 
frons tho petworks(fig. 111). 
These unite one with ane 
other to form langer vessels 
which again are but the 
tributaries of tho larger 

Hip. 311.—Capltary Network of the Cort of a Veins Which bene tha blood 

Child of a fow musathe oli. (Codiat.) back to the heart, 

(0) Artery. (A) Vein, nod capillary networte Abont tren Inupilred 

lutervening. years ago the trian cour 

‘of the blood current through the systemic and pulmonary lieart, 

artorics aml veins, ao ax to form one circle, was demonstrated by 

Harvey. Bofore his time only the so-called “lewer” or pulmonary 

cirouit wan known, But the maynifying glasses nt Thin «iapoaal eid 

not wnnlile him town the capillaries which wer firt described by 
Malpighi some fifty years Later, 

In tho hope of making the general differences of functions mare 
striking, the various parte wf the circulatory apparatas may be 
enumeruted acconting to their several duties and roughly Mustrated 
by a diagnan >— 

1, ‘Tho loft (systemic) heart (I. H.) pumps the bloed into the 

aystetule arteries, atl us keep these vowels overfilled, 
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2 The larger systemic arteries (A.), by their elasticity exert 
continuous pressure on the blood with which they are distended, 

& The smaller systemic arterioles (A’.), by their vital contractility, 
check and regulate the amount of 
blood flowing ont of the larger 
arteries into the capillaries, and 
thus keep up the tension of the 
larger arteries, 

4. The systemic capillaries 
(S.C), where the estential ope- 
ration of the blood is carried out, 
viz, the interchange between it 
and the tissues, 

5. The wide systemic veins 
(¥., are the passive channels 
conveying the impure blood to 
the pulmonary heart. 

6. Tho right (pulmonary) heart 
(R. H.), pumps the blood into 
the pulmonary arteries and 
over-fills them, 

7. The pulmonary arteries 
(R.A), pres steadily upon the 
Dlood and force it through the 
following, viz, 

8, Small pulmonary arterioles 
(@.e.), which regulate the flow Fig, 112.—Dingram of tho Cirvulation of 
into the capillaries, fhe Blood sad tho atecrbeat vemels 

ye ‘or detalls wee text. 

9, The pulmonary capillaries 
(P. C.), where the blood is exposed to the air, and undenzoes active 
gas-interchange. 

10. The pulmonary veins (P. V.), carrying the blood to the left 
heart, and thus completing the eireuite 

Lh. indicates the lymphatics, which drain the tleues, and Le. 
the lacteals, which absorb from the stomach and intestines (1). 


Although the blood enters the arteries hy jerks, the motion through 
the capillaries is constant. The reason of this is, that the arteries are 
constantly overfull, their elastic walls being distended by the pump- 
ing of the heart, which fills the aorta and arteries mor: quickly than 
they can empty themselves, until the adequate pressure is attained 
through the contmuecting arterioles, The arterioles are the chief 
agents in resisting the outflow, and keeping up the arterial pressure. 





MANUAL OF PHYSIOLOGY, 


Tus Heart. 


‘Tho heart of man and other warm-blooded animals may be said to 
he made up of two musclar ses, the pulmonary and systemic hearts, 


Fig. 110.—Iuterior of Right Auriebs und Ventricbe exposed typ the romowal uf 
Part of thelr walls, (Allen Thecason,) 


1. Bhnperion vena cava. 5, 0,0". Plage of trieweplil valve, 

% Inferior Yens onvs. 6, Fedmonary artery, in ts wall of whieh 
F. Meyutie veins, 's window hase beet tts 

4, 8,2", Tamer wall of right surly, 7. Tared on norte de near the Guetun 
4,4. Covity uf right ventricle sarterionss, 

€. Pagiliary muse, 


or, ns they are commonly tered, the right and left sides of the heart, 
between which no communication exists in the adult, Easel af theag 
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sacs may be divided into two portions: the one, a kind of ante- 
chamber, which receives the blood from the veins, is called the 





‘Fig. 114,—Tho left Aurivle and Ventricle opened ani part of their walls removed 
toshow their cavities. (Allen Thomson.) 





|. Right yl ‘out short 5, 5". ‘The other papillary muscles. 
¥. ce fe Tet ‘auricle, 6. Ono segment of the mitral valve. 
&. Thick wall of left ventricte, 7. In norta ie placed over tho semilunar 


Ford of te mune with puplary uxlo "ves 
wttached, = 


auricle, and has very thin walls; the other, the ventricls, is the 
ywerful muscular chamber which pumps the blood into the aorta 
andl distonds the arteries, (See figs 113 and 114.) 
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In the empty leeart the great mass of the organ, whivh forms a 
Wanted cee, is inde up of the ventricles, while the flaccid auricles 
ar found retracted to un insignificant size at its base. The four 
cavities have about the same capacity, namely, shout alx ounces or 
eight cuble inches when distended. 

‘The walls of both the auricles are about the same thickness, while the 
amount of muscle in the wall of the youtricle differs materially on 
thetwo sides. The wallof the left ventricle, including that part whieh 
forms the interventricular septum, is nearly three times as thick ax 
that of the right or pulmonary ventricle. 


Angascexesr oy Muscun Fras. 


At the attachmont of each auricle toits corresponding ventricle there 
is sitantod dense zing of tough connective tissue, which surrounds 
the openings leading from the uricles to the ventricles, Similar 
tendinows rings (zona tendinoes) exist around the orifice of the aorta 
and puliwonary arteries, These tendinous rings form the basie of 


attachment for the muscle bandlos of the wills of both the ventricles 
and auricles, 

Tn the ventricles many layers of nauscles can be made ont The 
outer fibres pass in a twisted manner from the hase towants the apex, 
wher they are tucked in so as to reach tho inner surface of the ven- 
tricular cavity, They then pass hack to by attached at the base ; some 
passing into the papillary muscles are connected with the carvlias 
valves through the medium of the chords: tendinie ; and the others 
forming irregular tastes of muscle on the inner murface of the cavity, 
poss in various directions towards the base, to be fased with the ten- 
dinous rings around the arterial oriflees, Another set of layers pamew 
tranaversely around the ventricle lying between the inner and outer 
wets, anil passing nearly at right angles to them, 

The muscle files forming the thin auricular walla have their 
origin from the zones of the auriculo-ventricular orifices, and paee 
vory irregularly around the cavities ‘The ontor set af filiws have a. 
trantvere, the inner a longitudinal direction, Bandy of fibres eneirele 
tho orifices of the great veins, and extend for come Hitt distanes 
along the vessols, particularly on tho pulmonary veins, whieh Ihave 
thick clrenlar muscular teats after they Jeavo the langs. 

‘The filtres of the auricles are not dircetly continuons with those of 
the ventricles, the auricular and ventricular flires being only related 
tw each other by their points of origin, vic, the auriewlowentrioular 
fibrous zones, 
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Misore Sraverore. 


‘The muscle tissue of the heart differs both in structure and mode 
ef action from the other forms of contmctile tismes of the body. The 
elements are firmly united with 
one another to form an irregu- 
lar close network, which, how- 
ever, can be broken up into 
masses ensily recognisable at 
peculiar cells, Theae cells arc 
irregular prismoidal blocks with 
blunt ends, often split into two 
to allow of connection with the 
two contiguous cells, ‘They con- 
tain a distinct nucleus, situated 
in the central axis of the cell. 
‘The cells are not surrounded by 
at distinet sheath of sarcolemma. 

Though striated, like the 
skeletal muscles, the action 
of the heart muscle is pecu- 
liarly independent of the great 








nervous centres, being quite 
involuntary, and characterised 


Fig. 115 —triated Muscle Tiee of the 
leart, showing the trelliework 
formed by the short branching cells, 


by a definite periodicity. Its ‘with ceutzal nuclei, 
contraction is very slow when 

compared with the skeletal muscles, but it is much more rapid 
than that of the contmeting tissues of most of the hollow 


viscera, 


Vatvns. 


The orifices which lead into and out of the ventricles have peculiar 
arrangements of their lining texture, forming valves which allow the 
Dlood to pass in a certain direction only. These valves, which form 
4 most interesting and important part of the economy of the heart, 
are of two kinds, differing completely in their mode of action. 
One kind directs the passage of the blood from the auricles to the ven- 
tricles, the other guards the openings into the great arteries, The 
auricnlo-ventrieular openings are protected by valves with a «ail 
like action, These are made up of delicate curtains formed of thin 
sheets of connective tissue arising from the margins of the auriculo~ 
ventricular openings, which form the fixed attachment cf each of the 

® 
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curtains of the valves The free edges and ventricular surfaces of the 
curtains are blended with the tendinous cords coming from the papil- 
lary muscles, and thus give points of tendinous attachment to some 
of the bundles of muscle fibres in the wall of the ventricle, At the 





Fig. 110.—Postion of the Wall ot Ventrilo (s d') an’ Aocta ( 6 ¢), showing attaeh= 
mente of one flap of mitral end tite aortic valves; Aen ap en 
(6, ¢, and /) ottarhaeenst of the tendinous cords, (Allen Themeon,) 
Fight auriculo-ventricular opening there are three chief curtains; 
hence it is called the “tricnspid” valve (Fig. 117, nav). ‘The open- 
ing from the left auricle to the left ventricle, which is about one-thint 
smaller, in guarded by two largo valvular flaps, and is hence called 
the “bicuspid,” or more commonly “mitral” valve (Fig. 116). 
‘The arterial valves are made up of three deep pockets with free semi~ 
lunar margins ooking towants the veel. The curved hase of each 
pocket is attached to the arterial orifice of the ventricle, with the 
lining membrane of which it is continuous. 
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Actiox or tan Vatves. 


‘The mode of action of the flaps of the tricuspid and mitral valves 
is like that of a lateen sail of a boat, if we substitute the blood stream 





Fig. 117.—The Oriflces of th Heart soen from below, the whole of the ventridles being 
cutawny, and the curtains of tho auriculo-ventricular valves drawn down by 
threads attached to the chords tendiniw, (Eusley.) 


RAY, Right aurioulowventrioular opening surrounded by the flaps of teiewspi. 
LAY. Loft auriculo-venteieular opening ant attached mitral valve. 
FA, Pulmonary valvos when cloned. 4.0. Aortic valves closed. 





for the air current; the tendinous cords acting as the “sheet” or 
rope which restrains the sail when filled with wind. 

‘The blood driven in from the auricle at first pushes the curtains 
of the valves ugainst the ventricular wall, and immediately fills the 
ventricle, As the ventricle becomes distended the tendinoua cords 
coming from the elastic papillary muscles are put on the stretch, and 
draw the valve curtains away from the wall of the ventricle into the 
midst of the fluid, When the ventricle begins to contract upon its 
contained blood, the pressure of the fluid bellies out the eail-like 
valves towards the auricles, so that their convex sides come into close 
apposition with one another. ‘Their free margins are held firmly by 
the papillary muscles contracting and tightening the conls, The 

ra 





| 
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flaps are kept at much the came tension by the papillary muscles 
shortening in proportion as the ventricle empties itself amd the 
cavity diminishes in aize, By this mechanism the valves are pre- 
vented from bulging too much into the auricles, or allowing the 
blood to pass back into them. 

The semilunar vulyes are mere membranous pockets, and have no 
tendinous cords attached to them, but on account of the extent of 
their curved attachment, when their limited free margin is made tense 





Pig. 118.—The Orifices of the Heart sen fren abore, both the auricles and the great 
‘vowels being removed. (Muzley,) 
7A, Pulmonary artery and its scmifunsr valves. — Ao. Aorta apd ite valves, 
RAY, Tricuspid, and LA, Blscepld valves, 





Dy the pocket being filled from the artery, the valves ean only paw 
a given distance from the wall of the vessel and are thus held firmly 
in posit When the forve of the blood leaving the ventricle 

to diminish, the somilunar flaps arv raised from the distending wall of 
tho artery ; and the moment the carrent from the ventricle has consed 
to flow, the pockets are forvibly distended by the aortic blood ppresmure 
and bulge into the lumen of the vessel, so that the convex mirface of 
the lunated portions of each valve is pressed against corresponding parts 
of its neighbour. ‘Their union then, which is accomplished ly thelr 
overlapping to some extent, forms threo straight radiating lines, and 
is a perfectly impervious barrier to any backward flow of blood 
(Fig. 116, Pa. and 40). 
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Moveaests or rae Heart. 


Tt is only by means of these valvular arrangements that the heart 
is enabled to perform its function, namely, to pump the blood in a 
constant direction onwards, emptying the Veins and filling the arteries 
agninst great opposition on the part of the latter vessels, 

This pumping is carried on by the successive contractions and 
relaxations of the muscular walls of the various cavities, 

‘The blood, flowing from the systemio and pulmonary veins, passes 
‘unopposed into the right and left auricles respectively, As soon aa the 
auricles are full their walls suddenly contract and press the blood 
into the right and left ventricles ; immediately the ventricles contract, 
and, pressing upon the blood, forve it into the great arteries 

‘The contraction of each pair of cavities is followed by theirrelaxation. 

‘The blood cannot pase Lack into the veins from the auricles when 
they contract, because the auricular contraction commences in the 
bundles of muscle which surround the orifices of the great venous 
trunks ; and it cannot flow back to the auricles, because, as has been 
ween, the force of the blood current on its entry into the ventricles, 
by making tense the cords, closes the valves ; while a backward flow 
from the large arteries is at once prevented by the current distending 
the semilunar pockets, and thus firmly closing the valves, 

When viewed for the first time, the beat of the heart appears to be 
a single act, £0 mpidly does the ventricular follow the auricular beat. 
More careful examination shows that this single action is composed 
of different phases of activity and repose, which together make up 
the cycle of the heart beat. The time occupied by the contraction of 
the cavities of the heart is called their systole, their period of rest is 
called diastole, 

‘The systole of the corresponding cavities of both sides of the heart 
is exactly synchronous ; that is to say, the two auricles contract 
simultaneously, and immediately the contraction of the two ventricles 
follows like that of the two auricles as a single act. 

‘The auricular and ventricular contmetions are separated by #0 short 
a space of time that it is not ewily appreciable, ‘The rapidly suc- 
ceeding acts of auricular and ventricular systole are followed by a 
period during which both auricles and ventricles are in diastole, 
which is commonly spoken of as the passive interval or pause, 

While the auricles are contracting the ventricles are relaxed, and 
the relaxation of the auricles commences immediately the ventricular 
contraction begins, a0 that only for a very short time both auricles and 
ventricles are contracted. 
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‘The entire cycle or revolution of the heart-beat, oemupyin, 
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neatly 


a second in the healthy adult, may be divided into three stages -— 





Pig. 110. —Curves @rawn on « moving #urtace by 
threo levers, which are connected with the 
interior of the heart, viz. 





Upper line shows the changes of premize ob 
curring in the right auricle 5 

‘Centre line shows the presure changes witht 
the right ventricle ; 

Lower bine shows tho changes f presmure ore 
curring in the left ventricle. 

The «moked surface is moved from right t0 
Met.) [After Chauvian,) 





Auricular systole. 
Ventricular systole. 
General diastole. 








‘The exact time occupied 
by each phase of the cyele 
can only bo calenated ap- 
proximately, This may 
Ve done either by register- 
ing graphically the motions 
of the auricles and ventri- 
cles directly communicated 
levers brought into con- 
with their surface, or 
by reconting graphically 
the pressure changes which 
oceur within the cavities 
Vy intredacing into them 
little clastic sacks filled 
with air, whence the pres 
sure changes are commn- 
nicated to an ordinary 
“tambour,” and registered 
on a stroked surface, 

Of the whole period af 
the cycle the passive inter 
val or patise is the longest 
and the most varighle, for 
in ordinary changes in the 
heart's rhythm it is the 

















paure that varies. Next in duration is the ventricular systole, while 


the shortest is the auricular systole, 





The following figures jive ayproxitantely the proportion of tim 


ocenpted by 
canliac t 








hh part of the cyclo in the ease of « huree, whowe intr 
nsion was registered in the manner just referred to, while 


his heart beat about fifty times in the minute — 


Auricular aystole. = 
Ventricnlar systole 
Passive interval . 





Proportion, Durstion 
uf eyele. ty wecutde. 
} = O82" 
1 = oF 
i = oe 
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Or if wo assume the human heart to beat some seventy times a 
minute, each eyele would oceupy about f, of a second, which would 
de made up as follows -— 





Auricular systole . =. =. = 3 of asecond 
Ventricular systole h » 
PONG nen ks pa 


The duration of the auricular and ventricular systole varies but 
little except under abnormal circumstances, but the pause is con- 
stantly undergoing slight changes In fact, the duration of the 
general diastole depends upon the rate of the heart beat, being less in 
proportion as the heart beats more quickly. 

If the thorax of a recently killed frog be opened, the heart can be 
observed beating in situ, and the different acts in the cycle studied, 

In mammualians, in order to see the heart in operation, it is neces- 
sary to keep up artificial respiration, during which the heart continues 
to beat regularly, though the thorax be opened. A careful inspection of 
the beating heart shows that duriug ita cyele of action certain changes 
take place in the shape and relative position of ite cavities. ‘This is 
owing partly to the change in the amount of their blood contents and 
partly to the form assumed by the muscular wall when contracting. 

Daring the passive interval the auricles are seen to «well gradually 
on account of the blood flowing into them from the veina: when 
the auricular cavities are nearly full, a contraction, commencing 
in thegreat venous trunks near the heart, passes with increasing force 
over the auricles and gives rise to their nupid systolic spasm. ‘The 
auricles appear suddenly to diminish in size, become pale, and empty 
themselves into the ventricles, 

‘As the Ulood is shot through the auriculo-ventrieular openings 
and the ventricles become distended, their flaccid walls appear 
to be drawn over the liquid mass by the contmeting auricles, 
just as a stocking is drawn over the foot by the hands, and their 
walls seem to approach towards the base of the heart, The 
moment the ventricles have received their full charge of blood from 
the auricles they contract, becoming shorter by the movement of 
the base towards the apex, and thicker by the elongated ventricular 
‘cone becoming rounder. The great arteries are at the same time dis- 
tended with blood and elongated, their elastic walls being drawn down 
cover the liquid wedge on its exit from the ventricle, ‘The soft elastic 
‘tismues are thus in turn made to slide, as it were, over the incompres- 
ible fluid blood that forms the fulcrum, which the power of the 
muscular walls uses ws a firm purchase, During the systole, when the 
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thorax is open, the ventricles rotate slightly on their long axis, 20 
that the left comes a little forwards, and the apex also forwanls aud 
towardathe right, On the ventricular systole ceasing, the gradual re- 
filling of theanricles beyins ; the ventricles heeome flaceidand fattened ; 
the semilunar valves, being closed, the large arteries grasp firmly 
the blood, and by their steady resilient pressure force it onwards 
towards the distal vessels, During this pause the arteries seem to 
become shorter, drawing the base of the heart up again and Jengthen- 
ing the flaccid ventricles. 

‘The part of the heart which changes its position mest is the line 
between the auricles and ventricles, while the apex remains fixed in 
the one position, only making a very slight lateral and forward 
motion, which probably does not take place during life, If a needle 
with a light lever attached be made to enter the apex through the 
wall of the chest, the lever does not move in any definite direction 
daring the eystole, but simply shakes. If, on the other hand, the 
needle be placed in the base of the ventricles the lever moves up and 
down with each epstole anid diastole. 


Heart's lurcise. 


If the ventricles be gently held between the fingers during their 
uyatole, o most striking sensation is given by the sudden hanloning 
of the muscle, The mass of the ventricles, from being quite soft and. 
compressible during diastole, suddenly acquire a wooden hardness 
owing to the tightness with which the muscle grasps the fluid, and 
the greater firmness of the contmeting tissue, 

This hardening gives the sensation of a sudden enlargement in all 
directions, No matter on what surface the finger be placed, the heart 
seems to move in that direction, 80 as to give a alight knock or im- 
pulse, Thus, when grasped between the forefinger placed below the 
diaphmgm and the thumb on the antero-superior aspoct the impulse ip 
equally felt by each digit. 

‘The heart-beat communicates its motion to the chest, and this 
impelse can be seen over a limited area, which varies with the 
thinness of the individual, This cardiac inypwle, as the stroke is 
called, can be best felt in the fifth intercostal space, a little to the 
median skde of the left nipple, It is found to be synchronous with 
the ventricular systole, The more important item in causing the 
impulse is the hanlening of the ventricles, while their simultaneous: 
change in shape, from a flattened to a rounded cone, no doubt helps 
to make the sudden tonsencss moro distinctly felt through the wall 
of the chent, 


is 
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The point at which the impulse is best felt corresponds to the 
anterior surface of the ventricles some distance above the apex ; it is 
therefore erroneous to call it the “apex beat. 

Moreover, the motion of the apex is eo slight when the wall of the 
chest is removed, that its “tilting forwards” can have no share in 
causing the impulse : the thoracic wall being always in contact with the 
apex, it can only move laterally, and cannot hammer against itso.as to 
cause a shock, The “recoil of the ventricles" caused by the blood 
leaving them, which some think aids in producing the impulse, ob- 
viously owes its supposed existence to the confusion of cause and effect. 

‘The candinc impulse is a valuable measure of the strength of the 

















¥ig. 120.—Cantino Twmbour, which oxn be strapped on to chostewall, #0 that the 
‘conteal button lies over the beart-beat, and the pressure may be regulated by the 
screws at tho side, Ty tho tube bent at right angles is attached the rubber tubo 
whic comme the alr cavity with at of the whiny tambour shown tn 

119, 





aystole, and hence is of great importance to the clinical physician. It 
may be registered by means of an instrument called the Canliograph. 
Many such instruments have been devised, most of which work 
on tho same principle, and write 4 record on a moving surface 
with a lever attached to a tambour, to which the movements of the 
chest wall are transmitted from a somewhat similar dram by means 
of air tubes, In using this plan, so gonerally employed by Marey, 
one air tambour (fig. 120) is applied over the heart, the motions of 
which cause a variation in the tension of the air it contains; these 
Variations are tranamitted by a tube (/, fig. 121) to the other tambour()), 
where they give riso to a motion in its flexible surface to which a 
delicate lever is attached at (a). 
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(a) Joint of the Bower; (8) Air chamber; (/) Rubber tubing comnceting it with eantiae tambour, 


Fig. 121.—Weiting Lever and Tumboar. 


Haar Souxns. 


‘The heart's action is accompanied by two 
distinct sounds, which can be heard by 
ringing theear into firm direct contaet with 
the precordial region, or indirectly by the 
use of the stethesrope, an instrument of 
which there are many varieties to suit the 
taste of clinical obeervera* 

One sound follows the other quickly, 
and then comesa short pause; consequently 
they are spoken of a+ the first and second 
sounds, 

The first sound occurs at the same time 
as the ventricular systole. It is a low, 
oft, prolonged tone, and is most dis- 
tinctly heard over the fifth intercostal space, 

The second sound is produced when the 
two sets of semilunar valves are closed, that 
is, at the moment whin the blood ceases to 
eseupe from the ventricle, It is a sharp, 
short sound, and is Dest heard af the second: 
costal cartilage ou the right side, 

‘The cause of the first sound is aa yet 
involved in doubt. Pomibly there are 
several factors in its production. The prin- 
cipal events occurring at this time may be 
enumerated thus > 


1, The heart’s impulse. 

2 The contraction of the heart-muscle. 

3. The rush of blood into the arteries. 

4. The midden tension of the ventricular 
chambers and the euriculo-ventri- 
ealar valres, 


Tt has alresly been seen that the heart's 
impulse is caused by a sudden change in 


* A flxitie stethoscope to listen to oma’s own treat, 
roruncls cam easily bo male by ftuing to ewe exh we 
Piece of rebber tubing about 1S inches boag the merit 

‘bd to the other end the Low, af a woowen itv. 
low! le nyplied over the different regione of te 
heart sm the mouthpiece firmly fitted in the ex. 
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density of the muscle rather than by a knock against the chest, More 
over, the first sound is heard quite readily when the chest wall is 
removed, so that the apex beating against the thorax cannot even 
lielp to cause the sound. 

‘The sound is not unlike the tone which necompanics the con~ 
tinuous (tetanic) contraction of the skeletal muscles, Tt corresponds 
in time and duration with the contraction of the cardiac muscle, 
Tn disease where the heart muscle is weak, the sound becomes faint 
or inmudible, although the valves are made tense by an intrnven- 
tricular force sufficient to overcome the pressure in the arteries ; for 
otherwise the cireulation would cease. A prwsystolic sound, like in 
character to the systolic sound, is now recognised by physicians 
na being produced by the auricular systole, but this cannot depend 
on the vibrations of valves. According to the most recent and careful 
observers, the first sound ray be heard when the heart is empty. 

All this evidence tends to show thut the sound is produced by the 
contraction of the muacle tissue of the heart, or, in short, that it is 
the cardiac muscle tone. 

Agninst the viow that the muscular tone is the cause of the first 
sound the undoubted fact is properly urged, that only tetanua (Le, 0 
rapidly repeated series of contmetions fused into a continued state of 
shortening allowing variations of tension) ean cause a muscle sound, 
and a ingle contruction is not accompanied by any tone, Though in 
muy ways it differs from the single econtmction of other muscles, 
yet the heart beat is no doubt a single contraction. And no good 
reason exists for believing it can cause vibrations comparable with 
that of the tetanus of skeletal muscles, or that it is capable of giving 
rise to a definite cound. 

‘The closure of the auriculo-ventricular valves is aynchronous with 
the beginning of the sound, and injury or disease of these valves is 
associated with a weak or altered first sound : this is often observed 
in disease of the mitral valve. The blood is ssid hy ¢ome to be neces- 
sary for the production of the sound, so that the uct of closure and 
subsequent tension of these valves would seem to have a share in 
eansing the aound ; but on the other hand, the character of the sound 
is not like that which would be eaused by the sudden closure or 
tension of the membranes, or of the delicate tendinous conta, 

As before remarked, this would not account for presystolic sounds, 
and the first sound can be heard in an empty heart removed from the 
animal, in which the valves could not become tense (Ludwig). 

‘The sound has been analysed with suitable resonators, and two 
distinct tones made out: one high and short, corresponding to the 
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cleaure of the valves; the other long and low, corresponding in 
duration with the muscle contraction, From this it would appear 
that both the tension of the valves and the muscle tone have 
something to do with the production of the sound. 

‘The good reasons given for thinking that the heart muscle cannot 
produce a tone suggests that the sudden state of tension of the ven- 
tricular wall when tightened over the blood may give rise to vibra- 
tions, and be an important item in causing the first sound, This 
would explain the faintness of the sound, both when the valves werw 
injured and the muscle weak. It would also explain the prasystolic 
sound, which requires a certain auricular tension for its production. 

The production of the second sound is more easily explained. 
Occurring just after the ventricle is emptied, it is aynchronows with 
the closure of the scmilunar valves at the sorta and pulmonary 
orifices. The blood in the aorta forcibly closes the valves as soon as 
the ventricular pressure begins to wane. This sudden motion causes 
a vibration of the valves, which is immediately checked by the con- 
tinuous pressure of the column of blood. 


Insenvation oy THE Heart. 


‘The most interesting phenomencn in the heart's netion, and that 
most difficult to explain, is the wonderful regularity of ite rhyth- 
mical contractions under normal circumstances, and the extreme 
delicacy of the nervous mechanism by which it is regulated. 

‘The vast majority of the active contractile tissues of the higher 
animals are under the immediate and exclusive direction of the central 
nervous system. All the great muscular organs are connected with 
the corebro-spinal axis by means of nerves, along which impulses pase 
stimulating the contractile tissue to action, Thus the skeletal mus- 
eles are brought under the control of the will, and the nerves coming: 
from the Drain timuli to certain ceta of muscles when we wish: 
to perform any dimple action. 

Other muscles, as har been seen in the pharynx, asophagus, &e., 
though not under the control of the will, are yet governed altogether 
Jy the cerebrospinal oxis ; while others, of which the most striking 
oxample is the heart, have herve elements in immediate relation to 
the contruetile tissue, capable of exciting them to contraction, 

It will materially help usin comprehending the nervous mechan- 
jams of the heart's rhytlan if we bear in mind what now seems to be 
proved beyond doubt, namely, that the nsuscle time of the heart 
hhas—quite independently of any nervous influences—an inherent 
tendency to rhythmical contruction, ‘This ix shown by the ane 
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facts, The heart cannot continue contracted like a skeletal muscle 
(in tetanus) under any circumstances, or like an unstriated muscle 
(in tonus) except when the tissue is spoiled by deficient nutrition, 
&c, The hearts of many of the lower animals contract rhythmically 
without any nerve elements being found by the most careful micro- 
scopic examination, A strip cut from the ventricle of the tortoise 
can, by judicious excitations, be tavght to beat rhythmically without 
the help of any known nerve mechunism. The lower part of the 
frog’s ventricle—which is commonly admitted not to contain any 
nerves—beats quite rhythmically if fed with a gentle stream of serum 
and weak salt solution, and there is no reason to. nssume that there ja 
any greater difficulty in conceding to muscle tissue, than to nerve 
cells, the property of acting with a regular rhythm, 

In cold-blooded animals, such as n frog or tortoise, the heart will 
‘Deat oven for days after its removal from the animal, if it be pro- 
tected from injury and prevented from drying. In warm-blooded 
animale the tissues lose their vitality almost immediately after they 
are deprived of their blood supply ; however, spontaneous rhythmical 
movements can be seen in the mammalian heart if removed rpidly 
after death, ‘The hearts ef oxen, skilfully slaughtered, commonly 
give a few beats after their removal from the thorax, Ifa blood 
current be kept up through the vessels of the heart tissue this sponta 
neous contraction will go on for some time, or even will mcommence 
after having ceased. 

‘The hearts of two criminals who were recently hanged were found 
to continue to beat for four and seven minutes respectively after the 
spinal cord and the medulla had been separated, 

‘These facts prove conclusively that the stimulus which causes the 
heart to Vat rhythmically arises in the muscle tissue of the organ or in 
close relation toit. Upon physiological grounds alone we might con- 
clude that in the heart tissue of the vertebrata there exist the nerve 
elements with which we are familiar anatomically, These nerve 
cells only their nutrition to be kept up by a continued blood 
supply in to develop the energy necessary for their function. 

Such collections of nerve elements are called automatic centres, and 
are made up, like all other origins of nerve force, of ganglionic cells, 

‘The heart of mammalian animals so soon ceases to beat, that it 
forms an unsatisfactory subject for experimental inquiry. ‘The heart's 
inuervation—which will be seen to be a complicated process—may, 
therefore, with profit be studied in a cold-blooded animal, where the 
mechanismé can be more readily observed, and are probably more 
simple in arrangement. 
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‘The frog, being readily obtainable, is commonly chosen, 
If the apex of the ventricle of the frog's heart be separated, it ro- 


mains motionless, while the auricles continue to beat. But it responds 








Hig. 1£2,—Diagnammatio Vian of the Candiae Nerve mechanism, The direction of th 
maqralaes le indirated by the ann Both right and left sides of the out ane 
tuaed to show ow complete lateral half of the ttres 








to short direct stimulus by an ordinary single contmetion, and if the 
stimulus be kept up it beats rhythmically 
more from the ventricle so as to leave tho line of union attached to 
continue to beat. But each part beats with o 
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different rhythm, and under like conditions the auricles continue to 
beat longer than the ventricles. 

‘The auricles beat even when subdivided ; and the dilated termi- 
nation of the great vein, called the sinus venosus, opening into the 
right auricle, when quite separated from the rest of the heart, con- 
tinues to beat longer and more regularly than any other part, When 
the entire heart is intact this sinus seems to be the starting point of 
the heart-beat, 

‘This experimental evidence of the presence of nerve centres in the 
hreart-muscle is supported by the results of anatomical investiga- 
tions, for the microscope shows that there are many ganglion cells 
distributed throughout the heart-tissue, and that they are located 
just where we should expect from the above facts. That is to say, 
there are none in the substance of the ventricles, while there are several 
stoups of cells scattered around its base in the auriculo-ventricular 
grove (Bidder), There are others in the walls of the auricles, par- 
ticularly in the septum, and the greatest nomber are found in the 
walla of the sinus venosus (Remak). 

‘The ganglia in the sinus venosus are most easily stimulated, and 
are probably the only ones which habitually act as automatic centres. 
‘They certainly take the initiative in the ordinary heart-beat, and regu- 
late the rhythm of the contraction of the auricles and ventricles, 

‘This seems more than probable from the following facts :—1. The 
onlinary contraction wave starts from the sinus yenosus. 2. Thia part 
Deats longer and more steadily than the others when separated fron 
the animal, 3. When eut off from the sinus the beat of the rest of 
the heart becomes weak, uncertain, and, itsrhythm. 4. When 
the sinna vencens ia anddenly separated by ligature from the auricles 
and ventricle, both the latter cease to beat, while the motions of the 
sinuseontinues. However, if a slight stimulus, such as the touch of a 
ucedle, be now applied to the auriculo-ventricular margin, it aullices 
to give rise to a series of rhythmical contractions. Or if the ventricle 


Jess, ‘These latter observations (which are known as the experiments 
of Stannius) have been explained in various ways, the most probable 
of which seems to be the following. When cut off from the influ- 
ence of the sinus venosua, the heart fails to contract spontaneously, 
Decause it has lost the initiatory stimulus which habitually arrived 
from the sinus, When the ventricle is cut away from the auricles, 
the act of incision is sufficient stimulus to set going ita rhythmical 
contractions, 
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Althongh we cannot adequately explain the relationships borne by 
2 of ganglia in the frog’s heart to one another, there 
seems no doubt that the following conclusions may be accepted ax 
proven, and are, moreover, in all probability, applicable to the 
hearts of mammals :—That nerve centres exist in the muscle tissue 
of the heart, some of which are capable of originating stimuli for th 
rhythmically contracting muscle. That there exiet other gangtionie 
groups which help to regulate and distribute the stimuli in a sequence 
throughout the several cavities, 
























Exrmrysic Canpiac Neaves, 


‘The intrinsic nerve mechanism of the heart just described is under 
ne 


ous centres through the 
gus and sympathetic nerves 


the immetiate control of the gre 
modinm of filres passing along the 
from the medulla oblongata. 

Some of thete fibres check the action of the intrinsic ganglia, and 
canse the heart to beat more slowly ; hence they are called inkiitory. 
Others cause it to beat more quickly, and are called acceleratory. 








Tsuintrory Nerves or rae Heart. 


Tt was observed by Wober that electric stimulation of the vagus 
nerve cansed a slowing of the heart's rhythm, and if inereased gave rise 








Pig. 12% —Tracing, showing the eect of Stiroulaticn uf Vague Nerve, Stimulus 
applied between vertical lines, (Hecurding wertace moved from left to right.) 


to # standstill of the heart in dinstole ; the heart best gradually 
recommencing some time after the stimulus had been removed. 
On the other hand, the section of both vagi produced an increase 
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in the rapidity of the heart beat varying according to the kind of 
animal experimented upon. 

Section of only ono vagus, howover, has not thia effect. From 
‘these experiments it would appear—1. That eome fibrea of the vagus 
bear impulses of a checking or inhibitory nature to the intrinsic 
nerves of the heart. 2. That these influences are constantly in opera- 
tion, or in other words, the vagi exert a tonic inhibitory influence on 
the rapidity of the heart-beat, 3, The tonic action of one vagus bears 
inhibitory influence sufficient to regulate the heart's action. This 
tonicity of the vagus inhibition is, moreover, more marked in man 
aud dogs than rubbits, and is reduced to a minimum in frogs, where 
acction of the vagi produces very little effect on the rate of the 
beat, 

Vogus inhibition ia increased by the following circumstances— 
(@) certain payehical phenomena such as terror, which is said to pro- 
duce a temporary standstill ; (8) deficiency of arterial blood in the 
medulla oblongata ; (¢) increase of the blood pressure within the 
cranium; and (q) reflexly by the stimulation of many afferent nerves, 
particularly the sympathetic and those bearing impulses from the 
abdominal viscera to the medulla, as well as the ordinary sensory 
nerves or by the afferent fibres of the opposite vagus (¢.) Muscarine 
produces diastolic standstill of the heart by exciting the local inhibi- 
tory ganglia or vagus terminals, 

Atropin causes quickening of the heart's action by paralysing the 
endings of the vagus, and also those intrinsic mechanisms which are 
supposed to have an inhibitory effect. Nécotine produces at first a 
slowing of the heart by stimulating the inhibitory tone of the vagus. 
‘This is coon followed by exhanstion of the terminal fibres and a con- 
soquent quickening of the heart beat, Large doses of curare parnlyse 
the inhibitory fibres. Digitalis excites the vagus centre in the 
medulla, and thereby reduces the rapidity of the heart's beat, 


Tux Accetxraton Nerves. 


After the possibility of increase of blood preesure bas been removed 
by éection of the aplanchnic nerves, and the tonic inhibition of the 
vagi has been cut off, it has been found that stimulation of the 
cervieal portion of the spinal cont causes quickening of the heart 
beat. In the cervical portion of the spinal cont nerve channels must 
then exist which are capable of stimulating the muscle fibres of the 
heart, so as to cause it to beat more quickly. ‘These accelerator fibres 
pass through the communicating branches from the cord to the last 

g 
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corvieal or first dorsal sympathetic ganglion, and thenee to the heart. 
Stimulation of the ganglia, or the branches passing thence to the 
heart quickens its beat. The effect of stimulus applied to these 
nerves does not begin to show itself until a comparatively long time 
after it has been applied, and the acceleratory effort continues for a 
oonsiderable time after the stimulus is removed. Stimulation of the 
accelerator fibres has little effect on the tonic inhibition of the vagus, 
which takes place equally well whether the accelerators are stimulated 
or not, while the action of the accelerators is totally suspended ao long 
a the vagus ix being stimulated. 


Avyenest Canpiac Nerves. 


Besides these nerve channels bearing impulses to the heart, others 
pass from the heart to the medulla, probably having their origin in 
the inner lining of the heart, which is known to be the part mont 
sensitive to stimulus, 

These fibres appear to be of two kinds, one of which affects the 
cardio-inhibitory centre and diminishes the pulse rute; the other 
affects the vaso-inhibitory centre and lowers the Mood pressure. 
Increase of the intra-ventricular pressure stimulates both these sets 
of fibres, and thus we see that over-filling of the heart from increase 
of blood pressure, &c., causes retardation of its beat, anid an equili- 
‘brium is thus established between the general blood pressure and the 
foree of the heart-beat. 


CHAPTER XVII. 
THE BLOOD VESSELS. 


‘Tux channels which carry the blood throughout the body form a 
closed system of elastic tubes, which may be divided into three 
varieties :— 

1, Arteries, 
2. Capillaries. 
3, Veins, 


The arteries and veins serve merely to conduct the blood to and 
from the capillaries, where the essential function of the blood, viz, 
its chemical interchange with the tissues, ia carried on. 

‘The arteries are those vessels which carry the blood from the heart 
to the capillariea, ‘The great trunk of the aorta, which springs from 
‘the left ventricle, gives off a series of branches, which in turn sub- 
divide more and more freely in proportion to their distance from the 
heart. Their mode of division is commonly dichotomous, but, from 
the larger trank, branches of unequal and irregular size are frequently 
given off. 

Arterial twigs of considerable size here and there form connections 
with thowe of a neighbouring trunk (anastomoses), but these unions 
are simple junctions of single branches, never being worthy of the name 
of a network or plexus, euch as those seen in the capillaries or in the 
veins The walls of the arteries are made up of three coats >—1. An 
external tough fibrous layer which gives strength to the vessels,— 
like the webbing in the wall of rubber water-hose—and acts ax a 
‘bond of union between it and the neighbouring times, This coat 
(tunéen adventitia) carries the minute vewels, necessary for the nutri- 
‘tion of the vessel wall,and nerves. 2. The middle coat (tunica media) 
forms the more characteristic part of the arterial structure, being a 
mixture of pure elastic tissue and unstrinted muscle. It is much 
thicker in the arteries than in the veins, where its special func- 
tions are not required. It differs essentially in character in the 

ad 
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larger and smaller arteries, the change occurring grmdually on 
pessing along the diminishing branches In the lange arteries 





(4) Outer cont consisting chiefly of white Abrous tinue, 


and the arterioles the middle cont differs much in structure, and in 
Doth it forme the most important part for the due performance of 


their respective functions. In 
the lange vemels it is mado 
up of elastic fibres of varions 
ehapes, and sheets of clastic 
tissue woven intoa dense felt 
work, interspersed with a few 
miuecle cells. En the small 
arteries (arterioles) the great 
mass of the middle coat ix 
made up of murele cells, tho 
clastic tissue being bataparsely 
Topresented, Between the 
large arteries and the eapil- 
Laries every grade of transition 
between those two extremes: 


wtainet Yony be fouml; the elastic 





around the vowel to fores the midille cont, 
outalide whinh t» the Bhrous tistwo of the 
outer coat [¥). Arve the vessel several 
Sao merve fibrils form # wetwork (5). 


theeue uradually becoming Jens 
abundant and the muscle 
elements moro important in 
proportion a4 the capillaries 
are approached. 3, The in- 


ternal lining (tuwion vnfima) of the arteries is composed of a delicate 
clastic homogeneous mombrine lined with o single layer of endo- 





CAPILLARIES. 229 


thelial cells. ‘The intima may be said to be continuons throughout 
all the vessels and the heart cavities, 

Tt is thus seen that the lange arteries have extremely elastic and 
firm walls, capable of sustaining considemble pressure. ‘The smaller 
the arteries become in calibre the more the general property of elasti- 
city and resiliency is rvinforeed by that of eital contractility, due to the 
greater relative number of muscle cells contained in the middle coat. 

The frequently branching arterioles finally terminate in the 
capillaries, in which distinet branches can no longer be recognized 





Vig. 120,—Capillury network of a Lobule of the Liver. 


but these thin canals are united and interwoven into a network of 
blood channels, the meshes of which are all mado up of vessels having 
about the same calibre, They communicate indefinitely with the 
capillary meshworks of the neighbouring arterioles, eo that any given 
capillary area appears to be one continuous network of tubules, con- 
nected here and there with distinct arterioles, and thus fe fed with 
blood from several different sources. The walls of the capillaries are 
soft and elastic and permeable not only to the fluid portion of the 
blood, but also, under certain circumstances, to the ecolids, 

It is, in fact, in this part of the circulation that its essential 
function is carried on, viz., the establishment of a free interchange 
between the tixeues and the blood. 


F 7 


——————— 
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‘Tho characters of the capillary network vary in different tissues 
and different organs ; the closeness and wideness of the meshea may be 
said to be in proportion to the functional activity or inactivity of the 
organ or tissue in question, a greater amount of blood being required 
in the parts where energetic duties are performed. 

‘The venous nudicles arise from the capillary network, commencing 
a4 tributaries which unite in much the sume way as the arterioles 
divide, but they form wider and more numerous channela They 
rapidly congregate into comparatively large vessels, which frequently 





intercommunicate eo as to form coarse ‘and irregular The 
general arrangement of the structures in the walls of the veins is like 
that of the arteries; they also have three coats, the external, middle, 
and internal; the tissues of each differing but little from those of the 
arteries, Tho middle coat, however, in the large veins is distinguished 
from that of the large arteries by being much thinner, owing to the 
paucity of yellow elastic tisne, It ix also characterised by ite relative 
richnoss in muscle fibre, while the etractare of the middle coat of the 
small veins can only be distinguished from that of the arterioles by 
the comparative sparseness of the musclo cells running around the 
tubes, 


‘The veins aro capable of considorable distension, but, though 
possessed of a certain degree of elasticity, they are much inferior to 
the arteries in resiliency. 

Ina large proportion of veins, valve-liko folds of their lining coat 
exist which provent the backwart flow of blood to the capillaries, 
and inware ite powage towarts the heart, These valves resemble in 
their general plan the pocket valves tat protect the great arterial 
orifices of the heart, They vary much in armngoment, there being: 
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commonly but two or sometimes one flap or pocket entering into the 
formation of the valve. They are most closely set in the long veins 
of the extremities, in which the blood current has to move against 
the force of gravity. 

The general aggrogate diameter of the different parts of the vascular 
system varies greatly, The combined calibre of the branches of an 

























































































Pig. 125.—Dingruin intended to givn an idea of the aggregate sectional area of the 
different parts of the vascular eystem. 


A. Aorta ©. Capillarien. v. Vein 


Tho transverse measurement of tho shaded part may be talon as the width of the 
‘various kinds of vowels supposing them fused together. 








artery exceeds that of the parent trunk, #o that the aggregate sectional 
area of the arterial tree increases as one proceeds from the aorta to- 
wards the capillaries After the muscular arterioles are passed the 
general diameter of the vascular system suddenly increases enor- 
moualy, and in the capillaries it reaches ite maximum, which is 
said to be about eight hundred times as great aa the diameter of 
the aorta, 

‘The aggregate sectional area of the veins also diminishes as the 
tributaries unite to form main tranks, and reaches its minimum at the 
entrance of the vena cava into the right auricle. 

‘The capacity of the veins is, however, everywhere much greater 
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than that of the corresponding arteries, the least difference being 
near the heart, where, however, the calibre of the veins is more than 
twice that of the aorta, 

After this brief anatomical sketch the most important properties 
of each different part of the vascular system may be 
thus >— 

1. The structure of the walls of the lange arteries shows them to 
‘be capable of sustaining considerable pressure, and of exert- 

elastic recoil, 

2, In the small arteries, ax well as this clasticity, great varia- 
Dility in thelr calibre, dependent on the contraction of their 
muscular ceat, occurs, 

3. In the capillaries we find extreme thinness, elasticity, and 

of their wall, which presents an enormons sur- 
face, #0 as to allow free interchange between the blood and 
the surrounding textures. 

4. The veins have yielding and distensible coats, great general 
capacity to wecommodate a large quantity of blood, and 
valves to prevent its backwant flow upon the capillaries, 


Puvwicat Fonces or tax Crconatioy, 


‘When liquid flows throagh a tube it door so as the remult of » dliffer- 
‘ence of preasure in the different parts of the tube ; peed 
from the part where the pressure is higher towards that where it 
lower, 

‘The energy of the flow corresponds with the amount of differences in 
the pressure, and varies exactly with the pressure-<difference, being 
continuous 40 long as the pressure is unequal in different parts, and 
being interrupted when the prossure is equalised thronghout the 
tube. If liquid be forcibly pamped into one extremity ofa ling tube, 
such a a garden hove, a pressure difference is of course esta) 
the pressure becoming greater at the end into which the liquid tx 
pumped, consequontly a current takes place towards the open end, 
So long as the free or distal unl of the tube is quite open and on the 
game level as tho rest, no very great increase of pressure can be 
‘brought to bear om the walls of the tube, no matter how forcibly the 
pumping may go on, as the liquid easily escapes, and therefore thowe: 
‘out all the more quickly as the pumping becomes mote energetic, 
If, however, the outflow le impaled by rising the distal end of the 
tube to any considerable height, or by partially elosing the orifice: 
with o nozzle or rose, then the pressure within the tube ean he 
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greatly increased by energetic pumping, and the tube being elastic 
will swell when distended by the pressure, 

It can be farther observed in this common operation that the 
smaller the orifice of the nozzle be, the greater the pressure in the 
tube with a given rate of working the pamp ; and, the orifice remain- 
ing the same, the pressure will increase in proportion as the pump is 
more energetically worked. Or in other words, the preasure within 
the tube will depend on (a) the force used at the pump, and (6) the 
degree of impediment offered to the outtlow, 

If the tube be resilient, and if the nozzle have a small orifice #0 that 
a high pressure can be establishod within the tube, it will be found that 
the liquid will flow from the nozzle in a continuous stream, and will * 
not follow the jerks communicated by the pump. That is to say, the 
interrupted energy of the pump is stored up by the elastic tube and 
converted into a continuous pressure exerted on the fluid. But if the 
tube be quite rigid, or the orifice too wide to allow the presmun: 
within the tube to be raised sufficiently high, then the fluid will flow 
out of the end of the tube in jets which correspond with the strokes of 
the pump: that is to say, the 
outflow will follow closely the 
pressure difference caused by the 
pump at the point of inflow, 

Now these simple facts (which 
can be verified experimentally 
with on ordinary enema bag, a 
yanl of clastic tubing, and a 
short glass tube drawn to a point) 
form the key to the most impor 
tant dynamic principles of the 
ciroulation. Fig. 190.—Diagrat of Ciroulation, showing 

‘The cause of the bloods de eat ee ta ote 
motion is simply a difference in of capillaries. 
the pressure within the various 
parts of the vascular system, for the heart acts us the pump filling the 
tube represented by the large elastic arteries, which can be more 
or less distended, according as (1) the outflow is impeded or facili- 
tated by the contraction or relaxation of the muscular arterioles 
which form the outlet, or as (2) the inflow is increased or diminished 
by the groater or less activity of the heart's action, 

From the foregoing facts, and what has been said of the direc 
tion of the blood current, namely, that it flows from the arteries 
through the capillaries into the veins, it would then appear that the 
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pressure in the arteries exceeds that in the capillaries, and the pressure 
in the capillaries must in turn be greater than that in the veins, the 
blood flowing in the direction in which the pressure becomes lens. 

‘The difference in the manner in which the blood flows from a cut 
artery and a cut vein shows that a great difference exists in the 
pressure within the two sets of vessela. 

When a small artery is cut across and the orifice directed apwunls 
the Wood is thrown two or three feet in jerka, When a vein is cut, 
the blood only trickles gently from its orifice, the force depending 
much upon the position of the part; and it is well known that 
‘Dleeding from a vein in the leg can easily be stopped by placing the 
Jimb in a position more elevated than the rest of the body, #0 a4 to 
remove the foree of gravity from acting on the blood, 

By means of a special form of guuge (the mercurial manometer) 
—which will presently be described—the exact differenco in the 
pressure exerted by the blood againat the vessel walls in the different 
parts of the eirenlation can be accurately estimated, and it has been 
found by direct experiment that the blood-pressure varies just ax 
one would be led to expect from a consideration of its physical rela~ 
tionships, namely, the direction and rte of the current and the 
varying width of the bed in which it flows, 

The rate’ of the fall in pressure obeervel in the vessels passing 
from the left ventricle to the right auricle is not even, but in the 
arterioles it falls suddenly, and a great difference therefore always exists 
een eee pans peas conan Coleen Sinee there 
permanent high pressure in the arteries ax compared with that 
Ss Ux osilarseaigntt peng ties can be no difficulty in explaining 
the permanent flow through the capillaries from arteries to veins, 

The fandamental problem that must be clearly understood in 
studying the dynamics of the circulation is, how the high pifessure in 
‘the arteries is kept up, or, in other words, how the arteries can exert 
#o much pressure on the blood when the capillary outllow fs 80 
wide and free. 

From the description already given of the action of the heart, it 
appears that cach beat of the ventricle pumps some six ounces of 
Dlood into the sorta, which blood, though coming to the left ven- 
tricle from the pulmonary cireulation, may, on account of the exact 
‘eco-opermtion of the two sides of the heart, be said to be pamped oat 
of the systernic veins, and thus, as far as the physical forces are con~ 
cerned, the pulmonary circulation may be left out of the question, 
‘This occurs some avventy times a minute, so that an enormous 
quantity of blood is removed from the veins and forced into the 
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arteries, 'The ventricles in filling the arteries have to work against 
considerable pressure, and may be said to pump the blood from the 
low-pressure veins up into the high-pressure arteries, and this work 
ia the cause of the pressure difference between the two sets of vessel. 
Daring the contraction of the heart the ventricular pressure must 
exceed that of the aorta, while during the diastole it falls. to that of 
the auricle or even of the great vein. The heart then is the first 
and most important’ agent by which the arteries are kept stretched 
and overfilled, and the veins are emptied, 

A second important factor in enabling the high blood-pressure to be 
kept up, is the resiliency of the middle coat of the arteries, It isonly 
on account of the great elasticity of the arterial walls, that these vessels 
are capable of being so over-filled, and only on account of the perfect 
resiliency of the elastic coat, that they are ableto exert such powerful 
pressure on the blood for such an unlimited time. Ifthe arteries were 
rigid tubes, overfilling them with a fluid itself inelastic would be out 
of the question ; the outflow from the distal extremity would take place 
exactly when the additional charge of blood was injected by the heart, 

With each contraction the ventricle overcomes arterial pressure; 
and further stretches the elastic artery. But the uct of injecting the 
blood into the sorta only occupies about one quarter of each heart 
beat. The semilunar valves bear the pressure of the blood in the 
aorta for the rest of the time. The whole force of the ventricle is 
therefore used up in cansing arterial distension. During the greater 
part of the time (about three-quarters of the heart’s cyele), the arteries 
are in the condition of over-filled clastic tubes, with their cardinc end 
firmly closed by the aortic valves, and their distal ends open, 

It follows that the blood flowing constantly ont of the distended 
arteries through the capillaries into the veins tends to equalise the 
pressure in the veins and arteries. But why is not this constant 
outflow sufficient to allow the pressure in the arteries to fall to the 
level of that in the veins? Or in other words, what is the impedi- 
ment offered to the escape of the blood from the arteries that thus 
keeps: them distended? If the arteries and veins were a bet of 
continnous wide tubes of similar construction and capacity through- 
out, it would be impossible for the heart to empty the veins, to 
overfill the arteries, and to establish the great presimre difference that 
normally exists. Therefore some resistance equal to the 
must be offered to the flow of the blood from the arteries into the veins, 

‘This resistance is made up of several items, of which one alone is 

sufficient to keep up the arterial pressure, namely, the active con- 
traction of the arterioles, No doubt the enormous increase of surface 
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over which the blood has to move in the capillaries, and the pressure 
exercised upon them by the surrounding elastic tissues, impede the 
iptying of the arteries. But that the contractility of the arterioles 
is the most important item, may be seen from the following con- 
sideration. The resistance offered by the capillaries themselves, 
whether by the grester friction or by the elastic pressure, is insignifl- 
cant when compared with the arterial blood pressure, and f+ far from 
sufficient to restrain the blood from rushing into the veing. This ix 
sen when the arterioles are paralysed by the destruction of the 
nervous mechanism controlling them ; the blood then flows readily 
through the capillary network, the veins become engorged, the 
arterial blood pressure falls, and the circulation comes to a standstill, 
in spite of the heart's more rapid beats. We know also that aftor 
the arterioles are passed the pressure falls auddenly, and in the 
capillary network the pressure is always very low. 

‘The four great factors then, in keeping up the arterial blood-pres- 
sure, are; 1, the heart-beat ; 2, perfect aortic valves; 3, the elastic 
resiliency of the large arteries ; 4, the resistance offered by the con- 
traction of the muscular arterioles, 

If any of these fail, the mechanism of the circulation is at once 
impaired. For example, the heart's beat may be stopped by the 
stimulation of the inhibitory norve fibres of the vagus, in which ease 
the blood pressure rapidly falls, as shown by the curve taken by the 


























Fig. 190. —Trecing, showing the effect of Stinolation of Vi 
applied Letweven wertial Linon. (Iecorling murtaco marvel fron Rett to night.) 


graphic method Or ness of the heart-beat may arise from 
dhingase (fatty degeneration) of the muscle, when signa of low arterial 
tenaion can be rwoognised in the human mbject. 

Any insufficiency of the aortic valves, whose duty ft is to cloms the 
proximal end of the arteries, that permits the blood to flow lack- 
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ward into the ventricle, allows the pressure in the arteries to fall 
between each ventricular systole, a0 that the characteristic “ pulse of 
unfilled arteries” is recoguised by the physician. 

‘The resiliency of the arterial coats may also be destroyed to a 
certain extent by degeneration of the tissuc, in which case the lange 
arteries become greatly distended, and unable to exert their normal 
steady pressure on the blood. 

Injuries of the nerve centres are often associated with paralysia of 
the muscular arterioles, and fall of blood pressure ; but the effect 
upon the blood pressure of dilatation of the small arteries can be best 
seen by experimenting 
‘on the nerves that con- 
trol their contraction 
in the lower animals. 
If paralysis or inhi- 
bition of the yasomo- 
tor mechanisms be ex- 
perimentally produced, 
the result on the 
arterial pressure is the 
samme, namely, a sudden 
fall, which may reach: 
zero: all opposition 
to the outilow of blood 
from the artories being 
stopped, they cease to 
be tense, even though 
the ventricle continue 
tu beat and pomp the 
blood into them, 





Broop Puessune, 
prowure. 


‘The first attempt at 
a. Proimate tim’ of manometer, 


direct measurement of '&. Union of two limbs of manometer. 
blood pressure was « The mod floating on mercury und carrying the 


(MeASUREMEST OF THE 
Yig. 181.—Merearlal Manomoter for measuring and 
recording the blood 


mail : : writing point. 

a 4 os apn aay a Soe thigh hich the sodium bcaronso 
int ‘between the blood 

middle of last century, try of manometer a 


who, wishing to com- 
pare the motion of fluids in animals with that of plants, connected 
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a tube in an artery of a living animal, and found that the blood was 
ejected with considerable force, and that when the artery of a horse 
was brought into union with a long upright tubs, the blood reached 
a height of about three yards, 

The blood itself is not now used as a measure, because so much 
blood leaving the vessels tends to empty them and to reduce 
the pressure in the arteries ; besides the congulation of the blood 
soon stops the experiment. We now employ the mercurial mano- 
meter, which consists of a column of mercury in a U-shaped tabe. 





Pig. 13t.—"The onkinary modem form of rotating blackenetl eptinier (n), whieh ix mnewedt 
‘Uy the clock work in the bex (4) by meuns of the dist (>) prewing upon the wheel 
(n)y which cnn be nalaed or laweret yy the screw (1), #0 #8 to rub on a part of Ue 
ise snave o bom near the centre, and thi rotate as different nates 
‘cap be pained by the sorew (1), which is turned by the handle (v), (Hermann) 
‘To prevent coagulation, the tube between the mereury and blood ix 
filled with a solution of sodium earbonate, the pressure regu- 
lated to equalize as nearly as possible that of the blood, A rod is made 
to float upon the mercury, in the open side of the tube, and to the 
upper extremity of this a writing apparatus can be attached, so that 
hy the movements of the mercury, a graphic record of the blood 
pressure and its variation can be traced on a regularly moving surface, 
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‘This instrament, known as Ludwig's Kymograph, is that used in all 
ordinary measurements and experiments on blood preseure. In order 
to overcome the inertia of the mercurial column, another instrament 
has been devised which will be mentioned in speaking of the cha- 











Fig, 195—Lenwio’s Kyoorare with continuous paper, 


‘The instrument consists of an iron tablo, above which the recording surface is slowly 
Sie FOGG weiter gett from. sn anion wil ofpapee ule Wk Maa 
roe a IE 


to the tubes which are in communiention with the 
‘Tha tika ipracorded by meena of a:pen attached o the elactro-cuaputs (a), heh 
‘by a" breaking” clock, tx demagnetixed every second, ‘The moment at which & 
leone eg hoes ‘bya key to which another pen is attached near the 
time-murker, 


racter of the curve (p. 242). When an experiment of long duration 
has to be made, a recorder with a long rolled strip of paper can be 
employed (Fig. 133), 

‘The modern accurate methods of research have taught us the differ- 
ences in preasure that exist in the various parts of the vascular 
system. However, direct measurement ean only be accomplished in 
vessels of such a size as to admit a cannula, hence the pressure in the 
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capillaries in the very minute arteries and veins, can only indirectly be 
estimated. ‘The presstire in all parts of the vascular syst 

to frequent variations to be presently mentioned, but this table may 
be useful in giving a general idea of the average permanent differ- 
ences that exist in the different vemels of large animula and 
man, 











Large arteries (Carotid, Horse) -- 160 mm., mercury 
Medium ,, (Brachial, Man) +120mm, 


Capillaries of Finger, + 38mm, , 
Small Veins of Arm + 9mm, , 
Larve Vein of Neck -lIto-3mm, , 








tive belght of the Mond-premure in the different 
# of the vessels, 


Fig. 194.—Dingram showing the r 








4, Hart ., + Bimal 
a. Arteries - ’ 
i. ¥, belnge he nero line, the prom ure te tmbiontod by the @ 

‘The numbers on the left give the pressure (apprwcimuately ) in mua. of marowry, 





If the different parts of the ciroulation be represented on the hase 
c V4 these letters correspond: » heart, arteries, 
and if tho height of thy blood 
al line in mm. Hy, the curve 
pressure in the various parts 





line a. 
capillaries anil veins respectively 
pressare be represented on tho ve 
Ay a, 6, ¥, would give about the rela 
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of the circulation. This shows that in the receiving chamber of the 
heart the pressure is below zero, while the ventricular pump drives it 
to the height of the arterial pressure 160 mm, Hg. In the arteries the 
pressure though gradually falling is everywhere high, while just 
before the blood reaches the capillaries, a sudden fall occurs The 
variation after this is merely a gentle descent until the lane 
venous trunks are reached, where the pressure is below zero, From 
a purely physical point of view then, the ventricle may be regarded 
a8 pumping the blood up to an elevated high-pressure reservoir of 
small capacity (the arteries), from which it rapidly falls by numerous 
outlets into an expansive low-lying irrigetion basin (the wide eapil- 
laries), whilat it slowly trickles back to the well (the auricle) under 
the pump, which lies below the surface pressure, 


Frors this diagram the following points can be gathered :— 


1, The great difference between the pressure on the arterial and 
venous sides of the circulation. 
© The comparatively slight difference in pressure in the different 
q of the arterial or of the venous systema respectively. 
2 svidenness of the fall in the pressure between the small 
arteries and the capillaries, where the great resistance to 
the outflow is met with, 
4, In the large veins the pressure of the blood is habitually 
elow that of the atmosphere, only becoming positive during 
forced expiration, 


VARIATIONS IN THE Bioop-Paessore, 


If the blood pressure be recorded with Ludwig's Kymograph, « 
tracing will be obtained, which khows that the pressure undergoes 
periodic elevations and depressions of two different kinds. The 
emaller oscillations are found to correspond with the heart-beat, the 
larger waves have the same rhythm as the respiratory movements, and 
the average elevation of the mercurial column is spoken of as the 
mean pressure. In the large arteries of the warm-blooded animals, 
this mean pressure varies with the size of the animal from 90 mm., 
mercury, to more than 200 mm. In cold-blooded animals it fs com- 
paratively low, from 22 mm. (frog, Volkmann), to 84 mm. (large 
fish), 

‘The general mean pressure in the arteries is increased by : (1), 
increased action of the heart ; (2), increased contraction of the mus- 

* 
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cular coat of the arteries; (3), sudden increase in the quantity of 
blood. When the change is gradual, the vessels adapt themselves to 











jeesuire Curve, drawn by mercurial tnancmeter. O—# = sero tine 
carve with lange respiratory waves and small waves of heart laapalne. A 
seale te lntroduiced to show height of presture in ¢ ¢ of Hy. 









the increase, 
an opposite effe 

The character of the change in pressure which accompanies the 
heart's systole, ia not exactly shown in the tracing obtained by the 
mercurial manometer, owing to the sluggishneas of the movement af 
the mercuri 
urven. But with the spring Kymo, 


ite of these conditions may be said to have 





column which, as it were, rubs off the apiees of the 
raph of Fick, the details of these 
ney are of course synchronous with the 
arterial pulse, and follow the variations of tension, as will be de- 

ribed when treating af that eabje 136 and 137.) 

‘The canse of the undulations in the bloc TOSSUTY CUTVS COTMHpOIM « 
ing to the respiratory movements is not quite so simple as it might 
pear to be at aight, and it has often becn misunderstood. "The 
many causes have been given, no single one appear to explain 
adegnately all the changes that may occur in this phenomenon uniler 





ceciilations are marked. 





t. (See Fig 
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varying circumstances, At first sight the respiratory movements and. 
conzéquent pressure changes within the thorax would seem to give a 


S, 





Fig. 1390—Vick's Spring Manometer, 


A hollow C-shaped apring (4), made of extremely thin motal, is teed at (8b) whero its 
‘envity communicates with the tube (x). ‘The top of the © is connected at (a) 
with tho writing lever. Any increase of premure in the tube (x) causos tho 
«pring to expand and move the writing point (a) up and down, 


simple mechanical explanation, But if the change occurring in the 
intra-thoracic pressure be examined carefully, it will be found not to 
correspond exactly with the so-called 

Tespiratory wave of the pressure curve in 

the arterial system, Owing to the lungs 

being very clastic and constantly tending 

toshrink away from the costal pleura, aa 

may be seen when the thoricic cavity is 

opened and the lungs collapse, the pres- = 

sure in the pleural cavity is less than PS oe a 
that of the atmosphere which distends cometer, 

the lungs, ie, the pleural pressure is 

negative, All the viscera in the thoracic cavity are habitually under the 
influence of the negative pressure, Thus the elastic lungs exert « kind 

ae 
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of traction on the pericanlium, and tend to cause a negative presvure 
within the heart and great systemic vessels, both arteries and veins, 
‘The influence is of course greater in the thin walled veins in which 
the pressure is minimal, than in the thick walled arteries where the 
pressure is ao high, that they feel but little the intrathoracic deere 

‘The amount of truction exercised on the pericardial contents by th 
lungs varies with the respiratory movements, being slightly increased 
during inspiration, and decreased during expiration. The differences 

















Hleod-presaure ani Bespinstory Tracing recanted synchro receding 
surfece moving frum right to loft—abowire that the variations & jrommure im the 
‘arteries (continuons line) and in the thoracic cavity (dotted tine) do not exactly 
correrpond, the latter continuing to fall after the blood pressure has commenced 
to lero, 





whieh are thas produced however during ordinary respiration are 
very slight (probably 1 mm. mereury), when compared with the 
tive pressure, which, while the thorax is in an intermediate 
state of extension, is probably about 10 mm,, mercury. So #light a 
variation as 1 mm., mercury, could not, by direct action on the aortic 
arch, cause the change of several millimetres which we see in the 
respiratory undulation in the arterial pressure, Wo must, therefore, 
teok the explanation in the changes it causes in the great veins 

Tt has been suggested that by facilitating the flow from the great 
‘veina into the thorax, by a kind of sucking action, the amount of blood 
entering the right auricle during inspimtion may be increased, and 
thus the left ventricles may be better filled and made to beat more 
actively, 20 a4 to cause an elevation in the arterial pressure, 

Bat this view appears to leave the pulmonary circulation out of the 
question in a way huntly justifinhle, since it must be traversed by the 
lilood before the increased inspiratory inflow to the right auricle ean 
affect the left ventricle or the nystemic arterios, 


mean neg 
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‘The vexqnence of events may be read as follows, During inspire. 
tion the negntive pressure on the right heart is increased ; the atmo- 
spheric pressure acting on the tributaries of the superior vena cava is 
unchanged, while the pressure in the abdominal cavity is increased, 
and the inferior vena cava compressed by the muscular action. The 
‘blood then flows more readily during inspiration into the right heart, 
and consequently the lungs receive a larger supply of blood during 
this period. In expiration the negative intrathoracic pressure 
becomes lees negative, the compression of the abdominal viscera is 
relieved, and the flow into the auricle loses somewhat in force. 

‘Te must be carefully borne in mind that the left side of the heart 
works under different conditions, for the same variations of pres 
sure affect both the pulmonary veins and the left auricle equally, 
since they are both included in the thoracic cavity, and are both 
subjected toa slightly varying negative pressure. The aid given to 
the flow into the right heart by the low intrathoracic pressure is quite 
absent on the left side ; so that the thoracic movements do not exert 
any influence on the flow of blood from the pulmonary vein to the 
systemic arteric, But while inspiration is taking place the lungs 
receive a larger supply of blood ; and from the relative amounts of 
blood in the different organs it is probable that this slight excess, 
having passed the lungs, arrives at the left ventricle at the period 
of expiration, Thus, during expiration the left ventricle receives 
from the lungs and ejects to the systemic arteries an amount of blood 
slightly in excess of that which it reccives and ejects during inspirmtion. 
‘This may have a direct effect on the pressure in the great arterial 
trunks. But it is more than probable that excess of blood in the 
heart cavities acts as « nervous stimulus, and excites the inhibitory 
centre of the heart and the depressor centres which control the 
arterioles, 

‘The adoption of this view appears necessary from the following 


facts :— 
(1) The rise in pressure is not exactly synchronous with expira- 
(2) The heart beats more slowly during expiration than in- 





tion or inspiration + 


spiration : 

(&) oe difference at once disappears if the yagi be cut, and 

the respiratory wave becomes greatly modified : 

(4.) The respiratory wave is observed when artificial respiration 
is employed, in which the forcing of air into the lungs is 
the cause, and not the result, of the thoracic movements, 
80 that the pressure effects are reversed. 
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We may conclude, then, that a sympathy in action can be dis- 
tinctly recognised in the working of the respiratory and cardiac nerve 
centres, 

Since the undulations known as Traube’s curves occur in cura 
riacd animals when no respiratory movementa are performed, it has 
‘been proposed to explain the respiratory undulations in the same way, 
namely, by referring them toa stimulation of the vasomotor centre 
by impure blood, which by rhythmical impulses increasing the 
contraction of the arterioles causes a rhythmical variation in the 
blood pressure. This explanation seems to be rendered unsatisfactory 
by the fact that the respiratory undulations go on even when the 
arterioles are cut off from their chief nerve centres by sections of the 
spinal cord. So that if these undulations are to be referred to nerve 
mochaniem we are ignorant of the course the nerve impulses take, 
for any rhythmical sympathy existing between the respiratory and 
vasomotor nerve centres in the medulla cannot have any influence 
when the cond is cut, 

The blood-preamure in the copiltarica cannot bo directly measured ; 
it is difficult to estimate, and very yurinble. The slightest change of 
pressure in the corresponding veins or arteries causes the pressure in 
‘the capillaries to rise or fall, Thus, variations in pressure are con~ 
stantly occurring in the capillaries, which cause an alteration in the 
rato of flow, or even a retrogrule stream in some parts of the net- 
work. 

‘The regulation of the blocd-supply, and, therefore, of the pressure 
in the capillaries, is ander the control of the small arterioles which 
supply them ; a slight relaxation of the muscle of the arterioles 
causes great incroste in the amount of blood flowing through the 
capillaries, nx can readily be seen with the microscope, 

‘The Woodd-pressure in the veins must be less than that in the eapil- 
Jaries, and, a has been said, must diminish as the heart is approached, 
whore in the great veins (enperior cava) the pressure is sald to be 
rather below that of the atmosphere (—3 to —5 mm., mereury), 
During inspimtion the minus pressure may become much less, 
whilst, on the other hand, it is only by very foreed expiration that it 
over becomes oqual to or at all above that of the 

‘This is « most important fact, oa the suction considerably helps the 
flow of blood from the veins, and also the current of fluid from the 
thorcic duct that bears the chylo from the intestines and the flitid 
collected from the tieue drainage back to the blood. 

‘Tho pressure of the blood in the veins may then be said to be generally: 
ail, ninco tho veins are nowhere over-filled with blood. ‘Thu pressures, 
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on the other hand, that can be registered and measured depend npon 
forces communicated from without, namely : (1) gravity; (2) the 
elastic pressure of the surrounding tissue ; and (3) the preasure exerted 
by the muscle during contraction, This pressure is increased by any 
circumstance which impedes the flow of blood through the right side 
of the heart, through any large vein, or through the pulmonary 
circulation ; but when no abnormal obstacle exists to the venous 
Ddlood-current the pressure in those vessels can never attain any great 
height, for, as we have seen, the large trunks are constantly being 
emptied by the heart's action. 

Moat circumstances which tend to lower arterial pressure also tend 
to mise the pressure in the veins, so that, when the heart's action is 
weak, or its mechanism faulty, the venous pressure rises. 

In the veins of the extremities the pressure greatly depends on the 
position of the limb, as it varies almost directly with the effect of 
gravity. 

Jn the pulmonary circulation the direct measurement of the intm- 
vascular pressure is rendered extremely difficult, and possibly erro- 
neous, by the fact that to ascertain it the thorax has to be opened. 
It has been found in the pulmonary artery to be in a dog 206 mm,, 
in a cat 17-6 mm., and in a rabbit 12 mm., mercury, 


Tae AnrenaL Pers, 


Each systole of the ventricle sends a quantity of blood into the 
aorta, and thus communicates a stroke to the blood fn that vessel. 
The incompressible fluid causes the tense arterial wall to distend still 
further, and the shock to the column of blood is not transmitted on- 
ward directly by the fluid, but causes the elastic walls of the arteries to 
yield locally, and thus it is converted into a wave which passes rapidly 
along those vessels, This motion in the walls of the vessel can be 
felt wherever the artery can be reached by the finger, but best—as 
in the case in the mdial and temporal arteries, where the vessel is 
superficial and lies on some unyielding structure such as bone. 

‘This motion of the vessel wall is called the arterial pulse. It 
consists of a simultancous widening and lengthening of the artery. 
The arteries near the heart are much more affected by the pulse wave 
than those more remote, the waye becoming fainter and fainter as it 
travels along the branching arteries, In the smallest arteries it is 
hardly recognisable, and under ordinary circumstances is quite abe 
sent in the capillaries and veins. 
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‘The diminution in the pulse-wave in the smaller arteries chietly 
depends upon the fact that the force of the wave is used up in 
distending the successive part of the arteries In the small arteries 
the extent of surface to which the pulse-wave is communicated is 
enormous, and thereby the wave is much decreased. Moreover, it 
is probable that reflected waves pass from the peripheral end of the 
arterial tree, and meeting the pulse-wave in the «mall arteries help 
to obliterate it. 

‘The pulse-wave can easily be shown to take some time to pass 
along the veasols, Near the orilice of the aorta the arterial disten+ 
sion occurs practically at the same time as the ventricular 
but even with comparatively rough methods the radial pulae ean 
be observed to be a little Inter than the heart-beat. The dif 
ference of time between the pulse in the facial and the dorsal artery 
of the foot has been estimated to be one-sixth of a second, and the 


equal to the time taken to produce it, that is to my, the time the 
ventricle occupies in sending a new charge of blood into the 
aorta, which ia about one-third of a second. Knowing the mte at 
which the wave travels (10 m, per eee.) and the time ft takes to 
pass any given point (} sec.) its longth may be calealated to be about 
three metres, or about twice as long a4 the longest artery. 

the pulse wave reaches the most distant artery in one-sixth of a 


i: 


seeoml, or about the middle of the ventricular systole, and wher 
the wave has quite passed froen tho arch of i ont Oe Ta 
it has only just reached the arterioles, 


Numerous instruments have been invented for the denountinad 
and graphic representation of the puls: in the human being. Of these 
the one most commonly used is Marey’s Sphygmograph (Fig. 130), 
hy means of which a graphic reonl of the pulse is made, in the form 


Iu the falling part of the curve an irregularity caused by a slight 
second waye is nearly always seen, This is called the dicrotic wave, 
Sometimes there are more than one of these secondary waves, 
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most constant of which is a small wave preceding the dicrotic, 
called predicrotic; but the dicrotic is always more marked than any 





Pig, 120,—Marey's Sphygmogmph, 
‘The frame (6, », n) is fuxtened to tho wrist by the straps at n, n,and tho ret of the 
fnwtrument lies on the forearm. ‘The end of the serew (¥) rests on the spring (1), 
the button of which lies on the redial astery. Any motion of the button at x is 
communicated to y, which moves the lever (1) upand down. ‘When in position, 
the blackened slip of glans (v) is made to move evenly by the clockwork (1) a0 

that the writing point deawe a record of the movements of the lever. 


other. Several waves of oscillation can be scen as a gradually de- 
creasing series in tracings taken from clastic tubes, but we cannot 
say positively that they occur in the arteries. When several secondary 
waves exist in the pulse curve the smaller ones probably depend on 
oscillation caused by the lever of the instrument. 

‘The dicrotic wave does not depend on the instrument, because the 
skilled finger laid on the radial artery at the wrist can easily detect it, 





Fig. 140.~Tracing drawn by Murey’s Sphygmograph. ‘The wurface moved from right 
to left. ‘The vertical upstrokes show the period when the shock is given by 
tho systole of the ventriele. The upper wave on the downstroke shows when 
the blood has ceased to enter the norte. ‘Then comer the dicrotic depression 
‘which is a negative wave produced by tho momentary tackflow in aorta, and the 
icrotio slewation cxused by the clowure of the ralvex. 





and it can be directly seen in the vessel when the pulsation in the 

arteries is visible, or when a jet of blood eacapes from un artery. 
When a new charge of blood is shot into the aorta the clastic wall 

of the vessel is suddenly stretched. At the ame time a shock ix 
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given to the column of blood, and the fluid next the valves is moved 
forwards with great velocity. Owing to its inertia the fluid tends to 
pass onwards from the valves, and thua allows a momentary fall in 
Pressure which is at once followed Ly the reflux of the blood and 
the forcible closure of the yalves, 

‘The first crest or apex of the pulse curve corresponds to the shook 
given by the systole, and is greatly exaggerated by the inertia of the 
lever. The erest of the predicrotic wave marks the moment when 
the blood ceases to flow from the ventricle, and therefore it is the 
real head of the pulse wave. 

The dicrotic wave has heen explained as (1) a wave of oscillation, 
or (2) a wave reflected from the periphery. If the former, it should. 
be less marked than the predicrotic, which by this theory ia eald to 
be the first wave of cecillation, for each succeeding oscillation is less 
than its forerunner, But, as already mentioned, the dicrotic ix ine 
variably the larger, 

‘There are many reasons why it cannot be a wave of reflection from 
the periphery of the arterial tree; viz, 1. Its curve is not nearer 
the primary wave when the peripheral vessels are approached. 2 
The arterioles which form the peripheral resistance are at too i 
distances to give ono definite wave of reflection, 3, It ia seen in 
the spurting of an artery cut off from the periphery. 4. It increases 
with the greater elasticity and low tension, while the reflected waves 
diminish. - 

‘The dicrotic notch depends upon a negative wave caused by the 
sudden stop of inflow and the momentary reflux of blood before the 
valves are closed ; and the dicrotic erest is no doubt produced by the 
closure of the aortic valves, at which moment the sudden chock given 
to the reflux of the blood column causes a positive centrifugal wave 
to follow the primary wave of the pules, Pp” | 

Tho view that the reflux of blowd and the closure of the valves 
produce the dicrotic wave is supported by the fact that the condi-— 
tions which increase the dicrotien—viz. (1) sharp strong systole, 
(2) low tension, and (3) perfect resiliency—promote the recoil and 
cloaure ; and, on the other hand, the conditions which diminiah 
the dicrotic wave in tho most marked degree, are (1) inefticieney of 
the aortic valves, and (2) « rigid caloarcous condition of the arteries, 

It can be shown by means of an clastic tube, fitted with a suitable 
pump and sphyginographs, that when ite outlet is closed a poritios 
wave ia reflected from tho distal end back to the pamp, and when it 
ia open a negutice centripetal wave is retlected, This fact assists ue 
in explaining tho variations in the charicter of the pulse curveof the 


il 
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radial artery where the equidistance of the derived arterioles enables 
the reflected waves to have considerable effect. When the arterioles 
ure constricted (a condition corresponding to the closed tube) a posi- 
tive wave centripetal is reflected and is added to the pulse-wave s0 as 
to diminish the dicrotic notch, and give the curve known as charac~ 
teristic of “high tension” pulse, as in Bright's disease, (Fig. 141, 
IL) On the other hand, when the arterioles are widely dilated (cor- 
responding to the open condition of the tube) a negative wave is 
reflected, and is subtracted from the force of the pulse-wave #0 as to 
exaggerate the dicrotic notch, and give the tracing characteristic of the 
“low tension” pulse seen in fever, &c, (Fig. 141, ITT.) 


















Pig. 141, 


I. Scheme of Normal Pulse Curve 4, Entrance of ventrioular stream into the aorta, 
the lever is jerked too high to reach *; ob shows real summit of waves; 0, point 
lat which stream from ventricle cman; c, negative wave caused by (1) sudden 
comation of inflow and alight reflux of hood ; a, point of clomre of aartic 
‘valves; positive wave from valves (dierutic wave). ‘The time may be measured 
on abseisaa at of Ui, 

TE, Scheme of High Tention Pulao Curvo, a. Curve of radial pulse, which is tho 
resultant of positive reflected wave ©, added to the primary CUF¥e 1. 

IE. Scheme of Low Tension Pulse Curvo: 4, Radial pulse curve, which is the renultant 
of the negotive rutlected wave c, subtracted from the primary wave =, (After 
Grnahey.) 














‘The mean rate of the pule varies in different individuals, seventy- 
two per minute being a fair average for a middle-aged adult. It 
varies also with many circurastances, which must be borne in mind 
in taking the pulse as a clinical guide. 

1. Age, At birth it is about 140 per minnte, and is, generally 
speaking, quicker in young than in old people, commonly falling to 
60 in aged persons. 

2% Sex. Tt is more rapid in females than in males. 

Position, It is quicker standing than lying, particularly if a 
patient who has been lying down, stand or ait wp, the pulse becomes 
more rapid. 

4. The time of day, 1t gains in rapidity in the morning till 9 o'clock, 








ie 
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and in the evening till 6 o'clock, and falls in the day time, being 
at its minimum at midnight, 

5. Muscular exercise quickens it. 

6, It is quicker during inspiration than expiration. 

7. It increases with increase of temperature. 

& It is variously affected by emotions, 


Vewocirr or THE Boop Curneyt. 


‘The velocity of the blood must not be confounded with the velocity 
of the pulac wave which bears to it the same relation as the surface 
waves on a river do to the rate of the stream of water. 

It haw already been mentioned that the general bed of the blood 
increases from the aorta to the capillaries, and decreases from the 
capillaries to the vena cava, on account of the branches or tributaries 
of nearly every artery or vein being collectively of larger area than 
the vessel from which they spring or to which they muy lead; or, in 
other words, if we imagined the whole vascular system fused together 
into one tube it would form two somewhat irregular eones, one cor 
responding to the arteries and the other to the veins, with their bases 
placed at the capillaries and their apices at the heart, Between the 
two a still wider aggregnte would represent the capillaries, Compare 
Fig, 198, p. 231. 

Since the same quantity of Mood must pass through each section of 
these cones in a given time, the rite at which it flows must vary greatly 
‘intho different parts, being faster in proportion as the diameter of the 
part is narrower, in accordance with the well-known physical law 
that with the same amount of liquid towing its velocity changes 
inversely with the diameter of the tubo, Thus, the mean velocity of 
the flow in the arteries becomes slower and slower as the capillaries 
ave approacheil, and in the wile Led of the latter the mte of the 
current is reduced to 4 minimum, In the small veins the mte ia 
Mower than in the larger tranks, bat on the venous side its 
nover reaches that of the aorta, where it may be said to move wt least 
twice wa quickly as in the vers cava. 

‘The following table may be ueeful in giving a general idea of the 
average velocity in different parts of the circulatios 

Near valves of aorta—while the ventricles are contract- 
ing it reaches 1200 mam. per eee, 

Descending arta . =... 300800 

Cartid 6. ws 205-387 





VELOCITY OF BLOOD CURRENT, 253 
Radial . =. = ~~ 100 mm. per seo, 
Metatarsal, 5... 87 a 
Arteria . . . . 60 x 
Qopillarics. 9. 2 1. OB "4 
Venousradicles . .  . By 
Small veins ondorsumof hand 50, 
Venw Cave 2... 200 - 


In the aorta near the valves the blood current varies in rapidity, 
ecause the flow through the aortic orifice is intermittent, and thia 
variation mustbe more or less communicated to the neigbouring arteries 
in the form of an increase of rapidity coincident with the beat of the 
arterial pulse, The variation in the mte of the blood-flow which ia 
caused by the heart-beat diminishes with the force of the pulse ax the 
smaller arteries are approached, and finally ceases completely in the 
capillaries where under ordinary circumstances the flow is perfectly 
continuous. In the first part of the aorta the velocity of the blood- 
flow is reduced to nil after cach ventricular beat, while in the capil- 
laries no change is perceived. Between these two extremes ull 
gradations may be found, which follow the eame rules as the pulse. 

‘The general mean velocity varies directly with the blood pressure, 
which beara an inverse relation to the calibre of the arteries, and 
further, the mean velocity in any one artery, and its branches, will 
vary with the diameter of the vessels, which are constantly under- 
going local changes in size. 

Generally speaking, quick heart-beats cause increase in velocity of 
the stream, but no definite or invariable relation exists between the 
two, the vasomotor influences having, no doubt, much more effect 
than the heart-beat on the rate of the stream in the smaller vesels, 

In looking at the blood passing through the small vessels of a 
transparent tissue, such as the frog’s tongue or web, it appears that 
different parts of the column of fluid move with different velocities, 
Down the centre of the stream the red corpuseles are seen coursing 
rapidly, while between the central part and the vessel wall on each 
eide a pale line of plasma can be recognised, which seems to flow 
more slowly and to carry with it only a few white corpuscles, 

In the veins the velocity varies enormously with a variety of cir 
cumstances which have litile or no effect on the arterial flow, Thus, 
the position of the body or limb, the activity of the neighbour- 
ing muscles and the respiratory movements alter it, but aa a general 
rule the flow in the veins ia pretty stendy, there being no pulsation or 
corresponding variation of velocity. In the large vessels the onward 
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flow is affected by the contraction of the auricles. During the auri- 
cular systole the veins cannot empty themselves, and therefore there 
ia a slight check to the onward flow, nnd the velocity of the current 








‘Fig, 142—Sinall portion of Frog's Web, very highly magnified, (Etuxley.) 


a. Wall of cxpitlary wewvele, 1», Pigment celle comtineted. 

& Tinwue lying betwwen the enplllaries. ——. eal corpuscles (ova It th frome). 

¢, Rplthelial celle of kin, only shown ts 0. it. Teed corynacton sybenning thelr way 
‘part of apecimen where the wurtace i roagh « marrow capillary, sberwhagy 


fa foows. thetr elasticity. 
1m Nuckel of epéthedial cells. 1. White bieod colts 
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is accordingly reduced. In cases where the auricles are dilated and 
distended with blood this may cause a definite pulsation, which be- 
comes visible in the great veins of the neck, 


Wonk voxe py THe Hear. 


‘This can only be determined when the mechanism of the vessels 
is understood. The amount of work done by any form of engine 
aay be expressed as so many kilogrammetres per hour, That is to 
say, the numbers of kilogrammes it could raise to the height of one 
metre in that time, 

‘The left ventricle moves with each systole about 0-188 kilogrammes 
of fluid against an arterial pressure corresponding to 320 metres 
height of blood, te, 0188 x 3°21=0-604 kilogrammetres for each 
systole. This at 75 per minute for 24 hours would be— 


0604 75 x 60X 24= 65,230 kilogrammetres, 


The right ventricle docs sbout one-third as much work as the left, 
snaking « total of $6,070 kilogrammetres for the ventricles, Or, in 
other words, the heart of a man weighing twelve stane does as much 
work in twenty-four hours as would be required to lift his body 1248 
yards into the air, ie, nearly ten times as high as the top of St, 
Paul's Cathedral, 


Coxtrontina Mecutanisms oF THE BLoop-Vrssets. 
Vaso-Motor Nerves. 


That the arteries poxsessed, as well as clastic resiliency, vital con- 
tractibility which regulated the amount of blood flowing to any given 
part was well known to John Hunter, 

‘The muscle cells have also been long since clearly demonstrated in 
the middle coats of the arteries, but nothing was known of the nervous 
channels which bore the stimulus to the vessels, or the nerve centres 
which regulated their contraction, until comparatively recent times, 

‘The first knowledge concerning special nervous arrangements for 
the control of the muscular wall of the vessel was given to us by 
Clande Bernard, in his notable experiment of cutting the sympathetic 
nerve in the neck, which was always followed by an increase in tem- 
perature of that side of the head, and a great expansion and over- 
filling of the arteries. 

Tt was further observed that stimulation of the superior ganglion of 
the sympathetic brought about an opposite result, namely, a low of 
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temperature and contraction of the vessels on the sume side as the 
stimulus was applied. If the stimulus was much increased, the 
vessels contracted much more than the normal amount, but on 
cessation of the stimulus they became greatly dilated above the 
normal point and the temperature rose again, but after a time the effect 
of the stimulus gradually passed off. From thisit was concluded that 
the sympathetic in the neck conveyed to the muscles in the blood- 
vessels impulses which caused a certain amount of habitual contrac- 
tion of the vessel wall, which was called tonic contraction, corresponding 
to what was already recognised as arterial tone. When the nerve was 
divided this tone disappeared, but when gently stimulated it reap- 
‘peared, and when more strongly stimulated un exaggerted contraction 
set in causing complete occlusion of many of the vessels. 

Subsequent experiments have shown that all the vesscla of the 
body are supplied with similar vaso-motor nerves, section of whieh 
destroys their tone, while their stimulation causes contraction of all 
the vessels in the territory presided over by the stimulated nerve. 

Experiment has also shown that these nerves come from the 
cerebro-spinal axis, passing out from the spinal cond as “ communica- 
ting nerves,” commonly becoming associated with the sympathetic 
chain, and are distributed to the vessels either as special nerves, 
‘branches of the sympathetic (as the «planchnica), or with the general 
peripheral nerve trunks 

The nerve centre, which governa the vast majority of the vaso-motor 
channels, lies in the upper part of the medulla oblongata in the floor 
of the fourth ventricle, This is proved by two facts: Ist, most of the 
bmin may be removed without diminishing the arterial tone; and 
2nd, if the spinal cord be cut below the medulla (artificial respira~ 
tion of course being kept up) the mean blood pressure is found to fall 
immediately almost to zero, which is due to the relaxation of the 
smaller arteries consequent on the paralysis of their muscular coat, 

‘The same can be seen in the web of a frog, in whieh the medulla 
has beon destroyed (pithed) while the circulation is being stadied. The 
small arteries dilate and the pulse becomes apparent in the capillaries, 
and even in the veing, From these facts i one 
that in the medulla oblongata a wwo-motor centre exists, 

regulates the contraction of all the a Sat ag 
Babilipiaces we less contracted ; the centre receiving some oon 
‘tinuous stimulation, which results ino slight general vascular con- 
mriction or arterial tone, The existence of much a centre in the 
modulla, and of nerve channels in the cord leading from sueh a centre: 
in made certain by the fact that if a gentle stimulus be applied tow 


a 
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certain part of the medulla, or just below it, simultaneous general 
vascular constriction sets in and is indicated by a great and suddon 
rise in the blood pressure, 

‘The action of the vaao-motor centre can be increased, and thereby 
the tone of the vessels elevated, and the pressure raised, cither by 
(1) direct or (2) reflex excitation. If the blood flowing through the 
medulla contains too little oxygen or too much carbonic anhydride 


PAA 


Pig. 143.—Kymographio tracing showing th effect on the Ulood-premure curve of 
stimulating tho ceutral end of tho depressor nerve in the rabbit, ‘The recording 
surface moving from left to right. (c) Commencement and (o) cessation of 
‘stimulation, ‘There is considerable delay (lateney) in both the production and 
‘cemation of tho effect. (x) Marks tho rate at which the reconling surface moves, 

and the line below is tho base lin, (Foster,) 





it stimulates the centre directly and the blood pressure rises, This 
may be seen by temporarily suspending artificial respiration during 
‘an experiment on blood pressure, Reflexly the activity of the vaso- 
moter centre can be increased by (1) the stimulation of any large 
sensory nerve, or (2) by sudden emotion (fear). 

‘The tone of the arteries may be diminished by lessening the 
activity of the vaso-motor centre by the stimulation of a peculiar 
afferent nerve, the anatomy of which has been made out in the rabbit, 
and probably has its analogue in man, and which passes from the 
inner surface of the heart to the medulla. The effect of stimulation 
of this nerve in lowering the pressure is so great that it has been 
called the depressor nerce. Some emotiona (shame) may also reduce 

* 
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the activity of the centre, as is seen in blushing, which is simply 
dilatation of the facial wessela 

Besides this chief vaso-motor centre it is probable that in the 
higher animals, a8 certainly is the case in the frog, other contres are 
distributed throughout the apinal cord which seem to be able to take 
the place of the great primary centre, For after the spinal cont bas 
‘been cut high up, the hinder extremities more or less recover their 
‘vaso-motor power in a few days, and destruction of the lower part 
of the spinal cord causes renewed vaso-motor paralysis. In frogs this 
is very well marked, the contres Veing loss confined to the medulla 
than is the case in the more highly organised animals, 

During recent times numerous investigations on the subject of 
vaso-motor nerves have, no doubt, thrown much light on the 
subject, but these inquiries have not made the nerve mechaniam by 
which the various vascular areas are governed so clear or 0 obvious 
as might be wished. 

In order to explain and reconcile the various experimental truths 
on this subject (too numerous to be mentioned here), we must suppore 
that the vaso-motor nerve mechanisms are very complex. The sup- 
position of some such arrangements as the following may help to 
simplify the matter in some degree to the student, 

1, The blood-vesels have muscular elements which, though com- 
monly controlled by nerves, are capable of automatic activity, A free 
supply of arterial blood is o sufficient stivaulus for their moderate 
action, and mechanical or other stimulus is capable of exeiting in- 
creased constriction, We know that such antomatic contractile 
elements exist in some of the lower animals (snail's heart, hydra, 
&o.), and we have no reason to doubt their existence in mammals, 
Moreover, such a hypothesis obviates the necessity of mupposing that 
local nerve elements exist, which we cannot recognise morpho- 
logically. 

2. In the medulla oblongata (in close relation to the centres 
governing the reepimtory, carding, intestinal, and other moverwments 
subservient to the vegetative part of the coonomy) there exist nerve 
centres which constantly exert an important influence over the 
activity of the veel muscles These groups of nerve celle called the 
wam-motor centres, are intimately connected with the centres which 
preside over the functional activity of various organs and parts, 
and are alto clowely related to the norves coming from all parts of 
tho eirenlatory appartua, From these centres impulses of 
distinct kinds may cmanate, the one increasing the action of 
contructile elements, and the other inhibiting it. 
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2% Direct communication between this vaso-motor centre and the 
contractile elements in the middle coat of the blood-vessels is kept up 
by means of efferent nerve channels of different sorts, some bearing 
stimulating (vaso-constrictor) others inhibitory (vaso-dilator) impulses, 
these being conveyed by nerve fibres which un side by side in the 
same nerve cord. 

4. The activity of the contractile elements of any given vascular 
area may be altered by impulses arising from different sources, 
(a.) Local influences under ordinary circumstances are brought but 
little into play, but, if cut off from the nervous centres, are capable 
of controlling the local blood supply by changing the degre of 
arterial constriction, (f.) Central influences from the medulla, are 
habitually in action, affecting all the vessels and keeping np. the 
vascular tone. Theee impulses are variously modified by changes 
occurring in distant parts of the circulatory apparatus, and can be 
regamded as a general regulating mechanism. They probably, pass 
through the sympathetic chain, y.) Special influences, which are 
associated with the functions of the different parts and ongana, are 
only called into operation during the performance of the function, 
whateyer it may be, These impulses probably are conveyed by 
the sane nerves as excite the various forms of functional activity, 
namely, ordinary peripheral nerves, 

‘These three sets of influences are variously brought about in dif- 
ferent parts, and thus we find that section or stimulation of the 
different nerves gives vaso-motor effects which appear contradictory. 

Section of a aensory nerve causes temporary vaso-motor paralysis, 
owing to the tonic constrictor influence being cut off, Stimulation of 
the peripheral stump causes vaso-constriction from excitation of the 
same fibres, 

‘The stimulation of a motor nerve-fibre causes an increase in the 
flow of blood, or in other words, is associated with a vaso-dilater 
effect, probably dependent on the inhibitory effect of certain centri- 
Sagal fibres which control the local agencies, 

Thus we must suppose that there exist local agents under the 
control of the medullary centres, and that there are two distinct 
efferent and afferent seta of exciting and inhibitory files passing 
between the centre and periphery, along two perfectly distinct 
routes; one being in the direct track of the ordinary functional 
nerve of the part, the other being in the sympathetic, which to a great 
extent rans along the vessels themselves, and forms most intricate 
networks capable of carrying impalses in all imaginable directions, 


ae 





CHAPTER XVIIL 
THE MECHANISM OF RESPIRATION. 


Is its course through the eirewlation the blood undergoes a series 
of necessary modifications, The condition of the fluid is thus con- 
stantly being altered as it passes from one part and organ to another. 

Tt has already been seen that a quantity of nutrient material is 
taken up by the blood on its way through the capillaries of the 
alimentary tract, Further,» stream of lymph and chyle is constantly 
pouring into the great venous trunks, so that from two sources the 
Vlood ix steadily increased in quantity. But the most ungently 
ezsential addition to the circulatory fluid is that which it receives in 
the capillaries of the lungs. All the blood passes through these organs, 
in order that the changes taking place in the general systemic capil- 
Jnries may be counterncted in the lungs. ‘These gas interchanges will 
form the subject-matter of the present chapter ; and the more special 
modifications which the blood undergoes in the duetless glands, the 
spleen, the liver, &e., as well as in the kidneys and other excretory 
glands, will be considered in subsequent chapters. 


» As has already been pointed out (Chapter V.), an animal during 
its life may be said to use the substances supplied to it in food) ax 
fuel, and thus to ucquire the energy which is bound ap in them, for 
the "potivities of the verions tissues are really combuations, being 
invariably nssocinted with an oxidation of some of the carbon 
‘compounds, 80 a to produce carbon dioxide and water, In onler 
that the structures may undergo this change they must have a 
reaily supply of oxygen constantly at hand, and moreover the ear- 
won dioxide which i formed in the process must be removed, or 
farther combustion would be frustrated, A regular income of oxygen 
and a regular ontput of carbon dioxide are then essential to life; 
hhonce we find in almest all animals special arrarigements by means 
of which these guses can find their way to and from the thewes and 
external air respoctlvely, Theso gas interchanges form the very 
important function of Respiration. 
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Here, as in the case of the nutritive materials, the blood acts as 
the carrier between the tissues and the outer world, The pulmonary 
half of the circulation is devoted to the gas interchange between the 
blood and the atmosphere, and is sometimes spoken of as external 
respiration, The gas interchange between the blood and the tissues 
goes on in the general systemic capillaries, and has therefore been 
spoken of ax the internal or tiseue reepiration. 

‘The special axrangement for the taking up of oxygen from the air, 
and for the giving up of carbonic anhydride to the air is named the 
pulmonary apparatus, In mammalia this is so far perfected that all 
the necessary gas interchange can be carried on by the lungs, and the 
respiratory influence of the external skin or the mucous passages may be 
regarded as insignificant. But it should be remembered that when- 
ever the blood is in close relation to oxygen, os in the case of 
swallowed air, the oxygen is soon absorbed by the blood. 

In the lower animals the cutaneous eurface aida very materially in 
respiration, and thus froga can live from this cutaneous respiration 
alone for an almost indefinite time. 

In the lungs the change consists in oxygen being taken from the 
atmospheric * air by the blood and carbonic anhydride being given off 
from the blood to the air. In the capillaries, on the other hand, the 
‘blood takes the carbonic anhydride from the tissues, and yields to 
them a great portion of its oxygen. 

In the lowest class of animals (ey., amorba) we find no special 
organs for the purpose of respinition, the gas interchange being suffix 
ciently provided for by the exposure of the general surface of their 
bodies to the medium in which they live, namely, water. 

Other animuls have some special apparatus for the purpose of 
respiration. ‘This apparatus has alwaya the same. essential object, 
that of exposing their tisstes to a medium containing oxygen, and of 
xemoving the carbonic acid gas, 

In some of the invertebrate animals it suffices to distribute the 
meilium containing oxygen throughout the tissues of the animal by 
means of tubes. Thus ia the Echinodermata a water vascular system 
exists which seems to carry on the fanction of respiration, A similar 
distribution of oxygen takes place in arthropoda, delicately branch- 


* ‘The composition of the atmoxphero is everywhere remarkably constant, in spite of 
ite oxygen being used up by living beings. It conxinte af — 


Oxygen eee ee Shel 
Nitrogen 2 win Tow 
Motture (vriable $ per cent, 
Casbonio seid gus (also variable). . OL 
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ing open tubes (trachess) distribute air to the tissues of the animal's 


When more active changes occur in the tissues there is always a 
blood vasenlar system, and the blood is invariably used as the 
distributing and collecting agent of the gases in the tissues, and by 
flowing through some special organ exposed to the surrounding 
medium it ensures the gas-inter- 
change between the body and the 
outer world. These ongans are 
formed on two geneml types ; (1) 
external vascular fringes ; and (2) 
internal vascular sacs, 

Animals living in water have 
commonly the external fringe ar- 
rangement (gills) whilst those living 
in air have sacs (lungs). Some 
animals (frogs, toads, de.) have 
gills in the early stages of their 
life and lungs when they are more 
fully developed, In frogs and 
serpents the lungs are simple sacs, 
with the inner surfioe increased 
by folds of the lining membrane, 
which gives it a honey-comb ap- 

} into each sac opens one 
of the divisions of the aimtubo, 
In crocoitiles the air-tubes divide 
into several branches which open 
into a series of anfractnous vasenlar 

tthele respective bangs. receses which communicate one 
with another, 

In binls wide bronchial tabes course through the lung tise to 
reach large air cavities, and their walls are studded with the open- 
ings of innumerable air cells, there being, however, no terminal 
vasenlar gir cavities as in the mommalinn lang. 








‘The respiratory apparatus of mammals consists of (1) vaseular anca 
filled with alr, known wx the lung alveoli ; (2) channels by which 
these mea ary ventilated —the air passages ; (3) motor arrangements, 
which carry on the ventilation of the langs—the thorax. 

1, The fangs are mate up of innumerable minute cavities (alveoli), 
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with thin septa springing from the inner surface 0 as to divide the 
space into several compartments or nir-cells. Ench of these cavities 
forms a dilatation on the terminal twig of a branching bronchus, and 
may be regarded as an elementary Jung, The aggregate of these 
cavities, and the branches of the air passages and yessels distributed 
to them make up the structure of the lung. 

‘The walls of the cavities are formed chiefly of fine elastic fibres, 
and the surface is lined with exceptionally delicate and thin celled 
epithelium, Supported in 
the delicate frame-work of 
elastic and connective tissue 
is tho remarkably close-set 
meshwork of capillaries, in 
which the blood is exposed 
to the air. The delicate 
wall of the vessel, and the 
thin body of the epithelial 
lining cell are the only 
structures interposed be- 
tween the blood and the 
air, 

2 The air pacages ave 
kept permanently open dur- 
ing orlinary breathing by 
the elasticity of more or Fig. 145.—Section of small portion of Lung in 





ape bronchial tube with ite 
Jess Sigid tiemes, <The ACh a toon nn ec te Ue 
trehea and bronchi have centre, and the large blood~ressols at the 


cartilagi i sides cut norm, Loose arcolar tissuo aod 
passe aed umerous Iymphaties surround the largo 


for the purpose, Thesoare —— yoguels and separate them from the kung 
closely attached to the fibro- tise. 


elastic tissues which com- 

plete the gencral foundation of the walls of the tubes. ‘The air 
passages are throughout lined with ciliated cylindrical epithelium, 
which, at the entrance to the infundibula, loses its cilia, and forms 
Dut a single layer of flattened cells, 

‘The air-possages are supplied with muscle tissue of different kinds. 
Besides the ordinary striated muscles that control the opening of 
the anterior and posterior nares and pharynx, a special set surrounds 
the npper part of the larynx, and is capable of completely closistg 
the glottis, and thus shutting off the lung cavities, and proper air 
passyges from the outer air, (V., fig. 144), 

In the trachea a special muscle exists which can narrow the wind- 
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‘Th, Thyroid cartilage, 





Cr. Cricod cartilage. 
‘Y,, Biles of the vocal cons, 
Ary. Arytenoid cartilages. 





T, He-‘Pomnarens cnction of pact of the wall cf 9 thems cis Neel Eames 


Flies ler contniaing platen of cartnge, elke bs 
1 Coad compound of unstriated mse ¢. Elastic eub-epithelial layer. 
4, Colummar cilisted epitbetiuin. 
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pipe by approximating the extremities of the C-shaped springs that 
normally preserve its patency. 

In the bronchial tubes a large quantity of smooth muscle cells 
exist, for the most part being arranged as a cirenlar coat, which 





Pig. 148—Section of a portion af Lung ‘Tiwue, showing part of w vory small bronchus 
out acrom, (F. B. Schulte.) 
. Pitrous layer containing bood-vesscls. —_¢, Layer of elaatie titres, 
b. Layer of unstriated muscle. , CSinted epithelium, 


is best developed in the small tubes (fig, 148, 1), As we pass from 
the large to the smaller bronchi the walls become thinner and less 
rigid, and the cartilaginous plates and fibrous tissue grilually 
diminish, while on the other hand the muscular and elastic elements 
become relatively more abundant. 

‘The external surface of the Inngs ie completely invested by a 
serous membrine—the pleura, which is reflected to the wall of the 
thorax from the roots of the lungs, and completely lines the pleural 
cavity in which they He. Thus the lungs are only attached to the 
thorax where the air passages and great vessels enter, the rest of their 
surface being able to move over the inner surface of the thorax, and 
to retract from the chest wall if air be admitted into the pleural 
mc, 

3. The thorax, in which the lungs are placed, is u bony framework, 
the dimensions of which can be altered by the muscles which close 
in and complete the cavity. 

The framework is a rounded blunt cone composed of a set of bony 
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hoops—the ribs, attached by joints to a Lent pliable pillar—the 
vertebral column, and held together in front by the stermm, to 
which they are attached by resilient cartilaginous springs The ribs 
lope downwands and forwards, and are more or lees twisted on them- 
selves abont the middle of the shaft, 

‘The first pair of ribs, which encircles the apex of the thoracie cone, 
forma part of a short flattened hoop. It slopes downwanls in 


Fig. 149. —Dinwing of tho 
lateral view of Thorax. 
in the position of 





frout to reach the sternum. Each succeeding 
rib from above downwards increases in length, 
in the amount of its slope downwards and 
forwards, and in the obliquity of its shaft, 

The floor of the thorax ia formed by a 
dome-shapal musele—the diaphmgm, which 
Dulges with its convex side into the 
cavity, and sepamites the thoracic from the 
abdominal viscera. The upper outlet is closed 
around the trachea by several muscles, which 
pus obliquely upwanls from the first rib to 
the cervical vertebre, and hol the upper 
part of the thorax in pesition. These muscles 
cam also elevate as well as fix the fixet rib, 
fas will be seen when speaking of the muscles 
in detail. The intervals between the ribs are 
filled up by two seta of muscle fibres, which 
vross one another at right angles, and are 
attached to the margins of the neighbouring 
ribs, 

‘The base of the thorax is connected by a 
number of strong muscles with the pelvis and 
the spine, whence they pass upwards to the 
lower ribs. The anterior muncles pull down 
the sternum and anterior part of the ribs, 
‘The posterior fix and extend the last rib, 

From a mechanical point of view the tharx 
may be regarded as a xpocially arranged. bele 
lows, the dimensions of which may be ineroased. 
in all directions, 

Within the framework of the bellows ix 
an elastic bay, with the interior of whieh the 


outer air communicates by an airpipe, which is the only passage 
between the atmoaphore aml the interior of the bellows, When the 
Sramework enlarges ite capacity Ye prewure of Une stunamguere yushies 
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astream of air into the elastic anc, so as to distend it, and thus fill 
the space caused by the expansion of the frame-work. 

By the motions of the framework a stream of uir passes in or out 
of the sac ; n small quantity of the air contained in the lungs is thus 
changed at each breath, and a certain standard of purity kept up. 

Tn order to fully understand the motions by which the thorax is 
enlarged, much more detailed knowledge of the anatomy of the 
Dony case and its muscles must be gainod than can possibly. be given 
here. 


Tronactc Movastenns, 


Physiologically the motions are divided into’ two sets—(1) those 
which enlarge the thoracic cavity, and cause the air to rush into the 
Jungs, called ingpiration ; and (2), those whieh diminish the size of 
the thorax and force out the air, called expiration. 

No action of life is more familiar than the rhythmical movements 
of reapimtion. The slow quict rise and fall of the chest and abdomen 
ate the signs most commonly sought as indicative of life ; for every 
one knows that constant ventilation must go on in onler that the 
blood may readily obtain the necessary amount of oxygen and get 
rid of the carbonic acid gas, the ordinary diffusion that takes 
place in the motionless chest being quite insnificient to remove the 
heavy carbonic acid gas from the lungs. 

‘The rhythm of the reapiratory movements may be represented 
graphically in many ways, by recording either the changes in’ the 
diameter or circumference of the thorax, or by the variations of the 
pressure in the air-passagen These methoda more or less correspond, 
and give curves of somewhat the same charncter. 

‘The rate of the respiratory movements are up to a certain point 
under voluntary control, and may be varied by the will, or stopped 
as when one holds one's breath. 

The voluntary control of the respiratory movements is however 
limited, for if we hold our breath for any length of time, a moment 
soon arrives when the “necessity of respiration” overcomes ‘the 
strongest will The usual respiratory movements are carried on 
without our being conscious of them, and are, therefore, properly 
involuntary. 

‘The rate of the repiratory movements varies acconling to eireum- 
atances, being in an adult man about 18 per minut fn wos 
of the lower animals it ix much more rapid. W vores wh wees 
Doing very rapid at birth, decreasing slowly to shoud BW, WA AAry 
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rising towards old age, The following Table (Quetelet) illustrates 
this :— 


Anew-born infant . . —,_-respires 44 times per minute. 
Syem . n 6 y ” 
Le SL a n 2 » 
20-25, Fa ce ee 3 a 
oa nC ae ” 
NITE He OL Sor eae ; 


Muscular exercise increases the rapidity of the respiratery 
movements, and, consequently, the effort of standing produces 
@ more frequent respiration than is found in the recumbent posture. 
Emotions variously affect the rate and rhythm of the inspiration 
and expiration (¢g., sighing); and, finally, morbid conditions, impli- 
cating the lungs, neually cause a greater frequency of respiration, 
sometimes attaining a rite of as many as 6O—70 respirations per 
minute. 

The thorax is enlarged in all directions during inspiration, the 
motion being usually referred to the vertical, tranverse, and antero- 
posterior diameters respectively. 

‘The vertical diameter is increased by the descent of the Interul 
parts of the diaphragm, and the slight elevation of the parts about 
the apex. 

The lateral diameter is widened by the side-droop of the ribs being 
Jesened ; each rib is rotuted upon the line uniting its extremities, 
and at the sume time is moved upwant and outward, 

‘The antero-posterior diameter is enlarged by the general elevation 
of the ribe and sternum, the anterior extremities of the ribs, being 
drawn up from their general downward incline, push Yhe sternum 
forwanls, 

Tho movements of the diaphragm depress the oldominal viscera 
lying beneath it, and thereby distend the elastic abdominal wall 
and compress the gives contained in the intestines, Thus the dia- 
phmgmutic movements cause a rhythmical heaving of the abdamen. 
Respimtion depending chiefly on the action of this one muse is 
thenifor: spoken of as abdominal respiration. On the other hand, 
when the rile are the ehief cause of expansion of the upper parts af 
the ehost it is called thoracic or coutal reqpiration, 

‘These two types of respiratory movements may be imitated volun- 
tarily, aml are variously combined in different individuals during 

ordinary respiration, and in the same individual under different 
circumstances, 
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In men the general character of the ordinary quict respiration is 
abdominal, the movement of the thorax being insignificant in eom- 
parison with that of the abdomen, 

In women the reverse is the case, the abdominal movements are 
alight when compared with those of the upper part of the thorax. 
‘This difference ia only well marked during quiet unconscious 
breathing ; any forced or voluntary respiratory effort changes the 
typical character of man’s breathing, and the costal movements 
Become mors prominent. In a foreed deep inspiration the upper 
part of the chest shows the greatest increuse in the antero-posterior 
diameter in both sexes. 

This difference in type between male and female respiratory 
movements has been ascribed to different causes, The most common 
of these i# the change bronght about by the costume ordinarily 
adopted by females, This ean hardly be an adequate explanation of 
the phenomenon, for we find the same type existing when the tight 
garments are removed, and it is apparent in those who have never 
Deen constricted by tight clothing, and even in cases whem no 
clothing at all has been used, as amongst the inhabitants of hot 
countries; so that, though the corset may induce an exaggeration of 
the costal respiration, by constricting the lower ribs and interfering 
with the action of the diaphrigm, it would not seem sufficiently to 
necount for the normal physiological costal type of breathing found 
in women. 

‘The occasional distention of the abdomen during pregnancy has 
also been assigned a a cange of the female type of breathing. That 
this type of breathing should be transmitted from our female ances- 
tors is possible, but it is very unlikely that pregnancy is the sole 
agency in producing it, since in childhood the costal type is marked 
in both sexes. It is probable that the abdominal breathing of the 
male is nlso acquired und increased by hereditary transmission, and is 
rvally due to the gradual increase in the development of the muscles 
of the upper extremity in males, causing a greater fixedness of the 
upper ribs from which they take origin, 


Txsrimatony Muscnes, 


‘The act of inspiration is not performed by any single muscle ; indeed, 
even the most gentle and quiet respiration requires the co-ordinated 
action of many sets of muscles, Most of these muscles have other 
duties to perform besides helping to produce respiratory movement. 

‘Those which are strictly inspiratory in theix fonction we ~— 
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1. The Diaphragm with its accestory Quadratus Lamborum to 
fix its origin from the last rib, 

2% Levatores costarum (including the scaleni) with thelr acces- 
sory intercostals, which act chiefly as regulators. 

3 The Sermtus porticus superior, 


The Diophragm is the most iamportant inspiratory muscle. It is 
the only one muscle which unaided can keep up the necessary tho- 
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Tip: 300—Dingra ot 9 snstion made 
‘vortioally from ride to side thrwugh 
the theensie and part ef Be atdcanle 
wal cavitics to ahow the position of 
‘the diaphragm, which is indicated by 
‘the dark tino (0 ») placed on the 
parts of the muscle that dewend in 
Srpiration, 


8 Techeats easly 


en 
& Reovta of lungs ext through, 


racie ventilation, and, in injury 
of the spinal cond, owing to. ite 
isolated nervous supply, it may 
be called upon ta,do a0. 

During ordinary quict lreath- 
ing in the male it does the 
greater part of the work. 

When not in agtion, a great 
part of the muscular sheets of the 
diaphragm lies in direct contact 
with the inner surface of the lower 
costal part of the thoracic wall, the 
rest is higher than the central ten- 
don that forms the floorof the peri- 
cardium and is fixed in one peai- 
tion, During inspiration these 
lateral parts are so] from 
the ribs and drawn below the 
level of the eentral tendon, by 
tho contraction of the museular 
fibres, The separation is aided 
by the abduction of the floating 
trike, which is accomplished. rh 
the quadratus Iumborum 
the deep dorsal muscles, 

In onler that the di 
may net to the best advantage, it 


is necessary that its attachments be fixed by the other muscles; for 
when the quadratus lmnborum, levatores and other fixing musclosare 
not acting, the lower floating ribs are drawn in by the diaphrngm, 
‘and the power of that muecle ja such diminished hy the 
sation of its attachments, This may be seen in epinal 


when the respiration is carried on by the diaphragm alone, _ 
these cows 4 cirealar farrow warks the \ie ol sitachwnent 


ar 
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the muscle to the lower ribs and their cartilages, which are drawn 
inwards during each inspiration, the breathing being of course purely 
abdominal in type. 

The Quadratus Lumborum, which posses from the pelvis to the last 

ribhas, besides the action in aid of the diaphragm just mentioned, the 
power of drawing down the lower out- 
Jet of the thorax, in which it is helped 
‘by other abdominal and dorsal muscles. 
In this action it may be regarded as 
the antagonist of the next group. 

‘The Scalen’ muacle, which pasa down 
from the lateral aspects of the cervical 


vertebre to the first two ribs, which 
they raise a0 a8 to draw up the upper | 
outlet of the thorax, The quadratus 

and scaleni muscles thus act upon the 

thorax in the same way as the hands 


when extending a concertina. 


Setar ; Pg Lk Dingrain showing in~ 
The Levatores Costarwm are small hecsel tate postin 











amaclea, but on account of their num- of the diaphragm in expirm— 

i egate force i tion (% ¢) and inspiration 
ber, their aggregate force is much ten the te “es 
greater than is commonly thought. ‘city ts shown by the white 


‘They are short, thick muscles, which arees, 

past obliquely downwards and outwards 

from the transverse processes of the dorsal vertcbre to the angle of 
the riba, Their only action is to mise the angle of the ribs, and 
thus remove their anterior and later downwant slopes ; by #0 doing 
they increase the intervals between the ribs and enlarge the lateral 
and the antero-posterior diameters of the chest. Thus they are 
purely muscles of inspiration, and probably, acting with the 
diaphragm and the scaleni, are the chief workers in ordinary 
breathing. 

The Intercostale produce different effects on the ribs according to 
the different sets of muscles with which they act in association, They 
never act alone, and it is therefore idle to try to ascribe to them any 
constant specific inspiratory or expiratory action, Generally speaking, 
the intercostals approximate the ribs, and by this action they stiffen 
the thorucic wall and help to elevate the thorax when ite upper part 
is fixed, or, when its lower part is fixed, to depress it. 

Now, if both the upper and lower margina of the thorax be helt 
firmly by strong muscles, as really occurs iw insyieation Krom Yee 
action of the quadratus and scaleni— the intercostals canner WYYEES 














272 MANUAL OF PHYSIOLOGY, 


mate the riba, Under these circumstances the resulta which follow 
their contruction will be twofold, viz :—(1) the sternum will be 
pushed forwards, and the antero-posterior diameter of the thorax 
thus increased ; and (2) the 
paces between the ribs, which 
are widened by the other 
tnnseles, are kept rigid anil 
prevented from sinking in- 
wards when the intra-thomeic 
pressure falls, When acting 
with the elevators of the ribs 
‘both intercostal layers of 
muscle have an inspi 

effect. But when the elevators 
of the ribs are passive the 
intercostals, acting with the 
anterior abdominal museles, 
draw down the rike, and sect 
aa muscles of expiration, 

For foreed breathing an 
enormous number of muscles 
may be called into play during 
the inspiratory effort, as may 
be seen during occlusion of 
the air passages, where all the 
thoracic, cervical, facial, alelominal svuscles, and even the muscles 
of the extremitics, one after another, are thrown into a recurring 
spasmn before suffocation ends the patient's life. 

Among the muscles which lond their aid when more energetic 
inspiratory movements are required, may be mentioned the serio 
mastoid, which heljs the scaloni to elevate the front of the thoracic 
wall; the pectoral muscles and the great serrates which omist when 
the arms are fixed; and also the deep muscles of the back, whieh: 
atraighten the spine, and act upon the vertebral attachments of the 
ribs #0 #4 to ebovate them and wien the intervals between them, 
Owing to the ribs being fixed to the stermmn in front, they can only 
wparate laterally when the dormal curve is lessened, and thin tends 
to approximate the steroum and the vertebnw, this narrowing the 
anter-posterior diameter of the thorax. Jt is in preventing this 
flattening of the chest that the intercostals are partioularly: tustful 5 
by hobling the ribs together they push forwanls the sternum, when 
tho dorsal curve is extended, 
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During quiet breathing expiration requires no muscular effort, the 
expulsion of the air from the chest being accomplished by the elasti- 
city of the parts. 

The most powerful force is the elasticity of the lungs, which are 
on the stretch even after a forced expiration, and when distended 
by inspiration ar: capable of 
exerting considerable traction on 
the thoracic wall. 

‘The ordinary shape of the walls 
of the thorax when the muscles 
are not acting, corresponds with 
the position at the eni of gentle 
expiration ; therefore the resili- 
ency of the muscles, costal 
cartilages, and other elastic 
tissues which are stretched dur- 
ing inspiration tends to restore 
the ribs to the position of expi- 
ration. 

‘The weight of the thorax itself, 
and the elastic gases in the intes- 
tinal tmet, which haye been 
compressed by the diaphragm, 
may also help in expiration. 

After death, when the elasti- 
city of the expiratory muscles is 
Jost, the traction exerted by the 
Jungs on the thorax reduces it 
Delow the size its own elastic 





Pig, 159.—Bhows the position of the Feit 


equilibrium would tend to as- 
swe; when, therefore, air is 
adinitted to the pleural cavity 


and the Spinal Column in normal 
forma of the thorax, i.e, that assumed 
in expiration, 


by puncture, the thorax expands 
slightly as the lungs shrink, and the pressure on the pleural surface 
becomes equal to that within the bronchi. 

In forced expiration, or when the air is used daring expiration 
for any purpose. auch as the production of voice, or any blowing 
movement, a number of muscles are called into action, The only 
miuscles that could be called exclusively xpocial muscles of expi- 
ration are the weak triangularis sterni, serratus posticus inferior, and 
parts of the interoostals ; but in all violent and forcible expiratory 
efforts these are aided by the muscles forming the anterior wall of 

* 
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the abdomen, which, associated with the intercostals and quadratus 
Iumborum, are the most powerful oa in drawing down the 
thoracic walls. 


Foxcriox oF Tae Prevra. 


From what has been already said it is obvions that by far the 
greatest amount of movement takes place in the lower part of the 
thorax, while the capacity of the apex changes but little. The 
space formed in the chest during inspiration is practically formed 
between the costal wall and the diaphmgm (compare figs, 148, 149). 
If the lungs and the walls of the thorax were fused together, without 
the interposition of serous membranes, the different parta of the Iunys 
would have to follow the movements of that part of the thorax to 
which they are attached, Thus the lower parts of the lung woukl be 
much distended during inspiration, and the apices woukl receive 
‘bat little addition to thelr contained air, This condition is often 
found in disease of the pleura, leading to adhesion of the visceral 
and parietal layers When such cases live for some tine after the 
Pleurisy and the adhesions persist, the air cells of the lower i 
of the lungs are commonly found to be distended and bloodless (he, 
local emphysema from habitual over-distension); while on the other 
hand, the apices become abnormally dense, and the alveoli are 
contracted and airless, 

The surface of the soft clastic lung tissue i# normally quite free, 
being encased in a serous membrane, the smooth surfice of which 
can slide uninterruptedly and freely over the «imilar lining of the 
costal wall, That this motion of the lung actually occurs may be 
son from watching the lung through the exposed parietal pluura, or 
recognised by studying the sounds produced by a roughness of the 
pleura, such na occurs in inflammation, when a “ friction ™ eum be 
detected by the car, 

‘The lungs move in « definite direction. ‘From the most fixed 
points of the thorax, namely, the apex and vertebral margin, they 
pass towards the more moveable inferior costal and wternal negioms 
Tn short, tho anterior part of the lunge passes downwards and for 
wands to fill up the gap made by the descent of the disphrages ani 
by the pasting of the coatal wall upwards and forward 

‘The position of the inferior margin of the lung maybe easily re 
cognised by pureussion over the liver, and may thus be shown te te 
moving up ani down with éxpiration and inspiration pecs 5 
By perousston we also tind that the wpace between the'two lings 


il 
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front ia increased during expiration and diminished during inapira- 
tion, 20 that the heart is more or les covered by lung, and the 
proconiial dulness is altered every time we draw « breath, 

By means of this free movement of the lungs in the serous cavities 
the air exerts equal force on the wallk of all the air cells whether 
they are eituated in the apex or base of the lung, and the alveoli are 
all equally filled with air, 

If the pleural cavity be brought into contact with the air, either 
‘by puncture of the thoracic walls or by rupture of the visceral pleura, 
the lung, owing to the great elasticity of its tissue, shrinks to very 
emall dimensions, and the pleural cavity becomes filled with air 
{pneumothorax). 

If uir be admitted to both pleural cavities 20 as to produce double 
pneumothorax, death must eneue, for if the opening remain free the 
motions of the thorax only alter the quantity of air in the pleural 
cavity, and cannot ventilate the lungs. ‘This demonstrates the 
important fact that it is the atmospheric pressure which, having 
acoess to them only through the trachea, distends the elastic longs 
and keeps them pressed againet the wall of the thorax. 

‘The power with which the lungs can contmet when the atmo- 
epheric pressure ix admitted to the pleura has been found afterdeath, 
without inflation, to be six millimetres of mercury, which is probably 
Delow the pressure exerted during life, when the smooth muscle of the 
bronchi is acting and the tubes are free from mucus, for this rapidly 
collects in the minute air tubes at death, and impedes the outflow 
of air, 

When the lungs are inflated before the pleura is opened, the pres- 
eure can casily be made to rise to nearly 1} inches (30 mm. mereury). 

From this it would appear probable that when the lungs are 
stretched by inspiration they exert a negative pressure equal to 
30 :mm., and when the lungs are in a position of expiration they «til 
tend to contract with a force of 6 mm. mercury. 


Pressure Dirrenexces 1x THE Aun. 


The immediate effect of the increase in capacity of the chest is 
that a pressure difference is established between the interior of the 
thoracic cavity and the atmosphere. 

‘The reduction in pressure produced in the lungs and air passages 
by inspiratory movements, dr the increase of pressure accompanying 
expiration, is very slight during ordinary quiet Ieathing with free 
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air passages, But the least impodiment to the entrance or to the exit 
of the nir at once makes the differenee very notable. 

It is very difficult to obtain an accurate experimental estimate 
of the variations in the presaure in different parts of the air 
pweages during quiet breathing, because even the most careful 
attempt to measure the pressure causes an increase which is still 
further maguitied by the sensitive museular mechaniam of the air 
Passes, 

‘The variations in pressure occurring in the pulmonary air ane 
greatest in the alveoli, and gradually diminish towards the larger air 
tabes, ao that they cisappenr at the nasal orifice, where, if no impeli- 
ment be placed to the course of the air, the pressure will remais 
very nearly equal to that of the atmosphere. By connecting one 
nostril with a manometer and breathing through the nose with the 
mouth shut, it can be shown that inspiration causes a negative pres- 
eure of about 1 um, mercury, and expiration a positive pressure of 
2 to 3mm. ; these results must be divided by two, since by plugging 
one nostril they shut off half the normal inlet, Forced inspiration 
anit expiration give respectively —57 and + 87 mum, 

This great difference depends on the clastic forces against which 
the inspiratory museles act in distending the thorax, all of which 
assist in expiration, 


Tax Youcmx or Arm 


During onlinary respiration the volume of the inspiratory and 
expiratory stream of nir is surprisingly small when compared with 
the volume of air sojourning in the lungs. 

After an onlinary expiratory act we can fores out a greet 
quantity of air by a voluntary effort; but even after this ix got rit 
ofthe lungs aro still well filled, Some of this reeidwal aly, whieh 
never leaves the chest during the life of the animal, Js pressed oat by: 
elasticity of the lungs when the pleura is opened. But a certain 
amount of air cannot be removed in any way from the alveoli, Ever 
when the lang is cut out of the chest and divided into pirces, 
enongh air ix retained in the alr cells, to render it buoyant, ‘Thix 
fact i# relied on by motical jurists as an evidence that an infient 
las Ineathed after birth and distended the langs with abr, for 
Vreathing hax been well established, the tolombly fresh lung of an 
infant will sink in water. 

In onler to have a clear idea of the volumes of air at rest and in 
motion during pulmonary ventilation it is convenient to folliw the 
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‘elnssification from which the nomenclature in common use has Leen 
borrowed. 

Tidal air is the current of air which posses into and out of the chert 
in quiet natural breathing. It amounts to about 500 ce. (30 eubie 
inches). 

Reseree air is that volume which can be voluntarily emitted afer 
the end of « normal tidal expiration, and which, therefore, during 
ordinary respiration remains in the lungs ; it is estimated at about 
1500 ce, (or about 100 cubic inches). 

Complemental air is that which can be voluntarily tuken in after 
an onlinary inspiration by a forced inspiration ; it alao amounte te 
about 1500 ce,, but is not used during ordinary breathing. 

Reriduat air ix the air volume whieh remains in the lungs after a 
forced expiration, that is to aay, which no voluntary effort can re 
move from the lungs; it includes the air which leaves the lungs 
when the pleura ix opened after death and the air which persistently 
remains in the lungs after they have collapsed. ‘This amounts to 
about 2000 ce. (or about 120 cubic inches), 

Vital capacity is « term given to the greatest amount of air that 
can be emitted by a forved expirmtion immediately following a 
forced inapimition, so that it equals the aum of the tidal, reserve, and 
complemental air. The vital capacity is estimated by spirometers of 
different kinds, and gives un approximate measurement of (1.) The 
capacity of the chest. (2.) The power of the respiratory muscles, (3) 
‘The resistance offered by the elasticity or rigidity of the walls of 
the thorax, (4.) The working capacity of the lungs, i«, their exten- 
sibility or freedom from disease, It therefore varies greatly necord- 
ing to the age, sex, position of the body, the occupation, weight, 
height, the fulness of the hollow viscem of the abdomen, and the 
pathological condition of the Jungs. It can be much inereased by 
practice, and this fact, apart from the injury forced respirations may 
produce in a morbid state of the lung, renders it inapplicable as u 
gauge of pulmonary disease. 

From the foregoing it appears that the volume of air habitually 
acjourning in the lungs during uatural respimtion, or stationary air, 
is about 3500 ce. (225 cubic inches), while the fresh air introduced 
by each inspiration ia only a little over 600 ce. (30 cubic inches), 
or in other words, about one-seventh of the air in the lungs is 
changed at each breath, Indeed, the 500 ce. of air is only just 
entticient to fill the trachea and larger bronchial paswges, so that 
the fresh air does not reach the pulmonary alveoli, or directly replace 
any of the air they contain, The tide! stream is, however, brought 
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into immediate relation with the stationary air, and the thonecic 
movements cause them to mix mechanically, so that rapid dijusion 
takes place in the minute bronchi, Diffusion is also constantly 
occurring between the air of tho small tubes and the terminal sacs, 
and it alone auttices to maintain the necessary standant of purity in 
the air of the alveoli. If, during breathing, a harmless gas, euch as 
hydrogen, be inhaled during one inspiration, it requires 6 to 10 
respirations to get rid of the impurity from the expited air. From 
this it has been inferred that this number of respiratory wets would 
be necessary to render the air in the alveoli quite pure even if no 
fresh impurities were allowed to enter from the blood. 


Rearmatory Souxps, 


As the streams of air enter the air passages and lungs they produce 
sounds which are of the greatest importance to the physician, owing 
to the manner in which they are altered by disease, 

A sound called “bronchial breathing” is produced in the large 
Vaonchi and traches, and is like the noise of air blowing through a 
tube, This can normally be heard over the trechea, or at the back 
Detween the shoulder blades over the entrance of the large bronehi 
into the root of the lung. 

Another sound called “vesicular” can be heart all over the 
chest, being most distinct where the lung is most superficial, and 
wherv other sounds are absent, as in the sub-axillary region, Tt is a 
gentle rustling sound caused by the air passing into the infundibuli, 
Tg varies much with the force of respimtion and many other eireum- 
stances. In children up to ten or twelve years of age it is remark- 
ably sharp and loud, ani is called “ puerile breathing.” 


Neavovs Mechaxts ov Resrration, 


The movements of respiration go on rhythmically without any 
yoluntary effort, and even when we are quite awake they occur 
almest without our being conscious of them, and repeated variations 
take place in the mite, depth, and general type of our respirations withe 
ont our knowledge. Indeed, if this self-regulating arrangement did 
not exist we should have to devote much of our attention to 
onr respiratory movements to the ever-changing requirements of the 
gas-interchango of the blood. 

Like all other groups of skeletal muscles, those which act om the 
thorax are regulated by nerves and work together in harmony, ‘These 
co-ordinated movements are so far under the control of the will 


aul 


RESPIRATORY NERVE CENTRE, 279 


that any ef the groups of muscles may be employed separately, or in 
conjunction. " 

But the respiratory differ from the other skeletal muscles, in that 
they undergo rhythmical co-ordinated contractions which are not 
directed by our will, and can be influenced by it only to a certain 
extent, for they cannot be made to cense altogether, 

In short, the rhythmical co-ordinated movements of respiration 
are not only brought about, but are also regulated by an involun- 
tary nervous mechanism. Since we are unconscious of its action, it 
certainly is not dependent on the voluntary centres. Moreover, we 
know that the upper parts of the brain are not needed for regular 
Vreathing, because animals born with deficient development of 
crmium and biain can breathe quite rhythmically ; and removal of 
the brain of binls &e., causes no interruption of the respiratory move- 
menta, We know, however, that an injury to the upper part of the 
spinal conl causes death by stopping respiration. The regulating 
centve must then be lower than the cerebral centres, and higher than 
the cervical part of the spinal marrow. The direet evidence of the 
seat of this centre was found by Flourens, who showed that a local- 
ised spot existe in the medulla oblongata, injury of which causes 
instant cessation of the respinutory movement, 

This vital point, or nawd vital, is situnted in the floor of the fourth 
ventricle, near the point of the calamus acriptorius, and is now com 
monly spoken of aa the respiratory centre. 

From this centre the impulses which give rise to and regulate the 
all-important respiratory movements rhythmically pass down the 
spinal cord and nerves. So long as the nervous communication 
‘between the centre and the muscles is intact the movements go on 
with undisturbed regularity ; if it be cut off, or the centre destroyed, 
they instantly stop. 

What keeps this centre active? It has been already stated that 
all the conditions of the body which canse an increased tissue change, 
‘use up & greater amount of oxygen and give off more carbonie 
acid, therefore are accompanied by more active movements of the 
respiratory muscles, From this it would appear that there exists 
some relation between the activity of the respiratory contre and the 
condition of the blood—a deficiency of oxygen or an excess of car- 
onic acid gas calling forth increased action, One has only to hold 
one’s breath as long a3 possible, and note the series of rapid and deep 

tions that follow such a temporary impediment to the proper 
oxygenation of the blood, in order to sce that an involuntary 
respiratory centre is profoundly influenced hy a deficiency of oxygen 
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Experimentally it can be’ shown that the effect is produced, in a 
great measure at least, in the medulla itself, by the blood flowing 
through it, and net by the action of the venous blood cirenlating 
through distant organa, and reflexly affecting the centre. It has also 
been shown that the temperature of the blood through 
the medulla changes the activity of the centre, for, if the blood in 
the carotids be warmed, the respimtory movements become more 
rapid. 

‘The respiratory centre is, then, a good example of what is callel 
an “automatic nerve centre,” not depending upon nerve impulses 
from afar for its energy, nor merely reflecting the influences of other 
centres, but acquiring its energy from the thermal and chemical 
condition of the blood which flows through it, and thus its activity is 
intimately related to its nutrition and supply of oxygen. 

‘So long as the amount of oxygen flowing through the centre keeps 
up toa certain standard, the normal excitability of the centre con- 
tinues, and we have natural quiet breathing, called Zupwon, When 
the oxygen falls below the normal standanl, the respiratory centre 
‘becomes more excitable, and laboured breathing is produced, com 
monly called Dyspron, 

If the theory that a deficiency of oxygen fs the normal stimulus 
to action of the respiratory centre be correct, a superabundant quan- 
tity should diminish the activity of the centre, and a condition the 
opposite of dyspnoca would be produced. This ix diffieult to show 
in natural breathing, though every one knows the efficiency of the 
few deep breaths one takes before a dive into water; but with 
artificial breathing, if the movements be carried on very enengeti- 
cally for some time, and then be stopped, the animal will not at 
first attempt to breathe, but after a short time, somewhat les than a 
minute, gentle and slow respiratory movements commence, ‘This 
cessation of Vreathing, called apnea, depends upon the blot being 
so ebarged with exygen that it no longer acte as a sthoulus to the 
centre. 


We find that dyspnea is produced by a deficiency in the amount 
of oxygen rather than by an excess of carbonic acid gas ‘This fe 
proved by the fact that it occurs when the carbonic acid gan is 
Temoved from the blood by breathing freely air which is only defix 
clont in oxygen, and, secondly, beeante an excess of carbonic weld gue 
in the nir causes a drowsy condition and not an active dyspnama, 

Although the respiratory centre is in the strictest sense automativ, 
yet St fs profoundly affected by many influences coming from other 
parts, which reflexly modify the respiratory movement, ‘Thus 
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mental emotions variously influence both the mte and the depth of 
Dreathing, sometimes causing more rapid and sometimes slower 
respiratory action. The application of stimulus to almost any part 
of the air-passages completely changes the respiratory rhythm. ‘The 
ordinary sensory nerves passing from the skin are also capable of 
exciting respiratory movements. This is well seen from the gasping 
that follows the sudden application of cold to the body. It is along 
these sensory nerves that one tries to transmit impulses by applying 
mechanical, thermal, or other stimulus to the skin of a new-born 
infant, whose respiratory centre having been kept Jong in the condi- 
tion of apnova, is slow to respond to an exciting influence caused by 
a deficiency of oxygen. 

Experiment shows that most, if not all, afferent nerves can affect 
the respiratory centre, either by increasing or reducing its activity ; 
‘but there is one special nerve, namely, the pnewmogastric or vagus 
and its branches, which have both these capubilities developed to a 
much greater degree than any other. 

If the tio vagi be cut, a marked change takes place in the respi- 
ratory rhythm, though section of one vague has little or no effect on 
respiration, The rate of the inepirition is reduced to less than half, 
while each breath becomes extremely deep and prolonged, the respira- 
tory function of the lungs yocs on for some time unimpaired, and 
the hemoglobin of the blood receives the due anwunt of oxygen. 
Although the character of the breathing is completely changed from 
the mpid gentle motion of natural respiration to a series of slow deep 
gasps, the air volume per minute and the chemical ehanges remain 
the sme. If the central end of the cut vagus be now stimulated 
gently, the rate of the respiratory movements may again be quickened 
to the normal, If the stimulus be very strong, respiratory spasm 
can be produced. On the other hand, if the central end of the 
superior laryngeal branch of the vagus be stimulated, breathing 
becomes slow, and can be made to vease while the thorax is in the 
position of ordinary expiration, a spasm of the laryngeal and 
expiratory muscles is caused. 

So that in the pneumogastric nerve, fibres exist which convey 
impulses of two kinds to the respiratory centre, the one increasing 
its excitability and causing more rapid discharges of inspiratory 
impulses, the other decreasing its irritability and causing a slowing 
of the respiratory movements, The marked change which has just 
been described as occurring when the two pneumogastrics are cut 
proves that these afferent influences are constantly at work modifying 
the respiratory rhythm, We may assume that the slow, deep respi- 
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rations which follow section of the yagi are caused by the un-regulated 
automatic action of the contre. No impulse is discharged until the 
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‘yenosity of the blood in the centre arrives at a certain point, and then 
the accumulated energy is sent to the respiratory muscles, anil a 

eep gasping inspiration occurs, and thus each respiratory act is called 
forth by the blood becoming so venous a& to act as a powerful 
stimulus, 

So long, however, as the centre enjoys the regulating influence of 
the vugi this venous condition ix not allowed to occur, and the 
intense excitation of the centre is thereby prevented, and the necessary 
movements performed with a minimum of muscle energy, 

‘The exact mode of stimulation of the pulmonary terminals of the 
afferent fibres of the pmeumogastric is not certain, It has heen 
suggested that distention or retmetion of the lungs may act as a 
mechanical stimulus to fibres inhibiting and exciting respectively 
the inspiratory centre, Each expansion of the lungs calle forth the 
ensuing relaxation, and the relaxed state, in its turn, induces anew 
inspirntion, and thus the lings themselyes are able to guide the 
thoracic movements by means of the pneumogastrica, 


Mopiriep Movements or Tix Resrinatony Mesonns, 


Besides the ordinary respiratory motions and the voluntary modi- 
fications made use of in speaking and singing, &., the muscles of 
respiration perform a series of movements of an involuntary reflex 
nature indicative of certain emotions and mental states, 

‘They will be seen to resemble each other in the mechanism of their 
production, though differing essentially in expression, The following 
are the mer: important :-— 

Coughing is caused by a stimulus applied to certain parts of the 
air-passages, but more particularly to the larynx; the stimulus 
passing along the superior laryngeal branch of the pneumogastric. 
It consists in a deep inspixation, closure of the glottis, and then » 
more or lesa violent expiratory effort, accompanied by two, three, or 
more sndden openings and closures of the glottis, so that mpidly 
repeated blasts of air puss through the upper air-passages and mouth, 
which is generally held open. 

Sneesing is’ caused by a stimulus applied to the nose or eyes, the 

jpulses being carried to the respiratory centre by tho nasal and 

ther branches of the Gth nerve. It consists of a deep inspiration 
and closure of the glottis, followed by a single explosive expiration 
and sudden opening of the glottis and posterior nares, 

Sneezing is a purely reflex act, it being impossible to produce it 
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solantarily, except by the stimulation of the nasal mucous membrane 
with some irritating substance. 

Laughing consists in a fall inspiration, followed by a long series of 
very short rapid expinatery efforts, ‘The facial muscles are at the 
same time thrown into a characteristic sot of movements, 

Crying ia made up of a series of short sudden expirations, accom- 
panied with peculiar facial contortions, and commonly following or 
associated with the following :— 

Sobbing, which consists of a rapid series of convulsive inspiatory 
efforts, causing but little air to enter the cheat, and followed hy one 
long expiration. 

Swhing ia a long slow inspiration, quickly followed by a cor- 
responding expiration. 

Yawning is «very Jong deep inspiration, completely filling the 
chest. It is accompanied by a peculiar depression of the lower jaw, 
wide open mouth, facial movements, and commonly stretching of the 
limbs, 

Hiccough is « sudden inspiratory spasm chiclly of the diaphragm, 
the entrance of the air being suddenly checked by the sudden 
closure of the glottis, 


CHAPTER XIX, 
THE CHEMISTRY OF RESPIRATION. 


‘Te simplest way to investigate the study of the gas interchange 
that takes place in the lungs between the air and the blood is to 
compare the composition of the expired air with that of the atmo- 
sphere, and from the alteration found to have taken place in the 
tidal stream we can arrive at the changes which the air undergoes 
during its journey in and out of the air passages, and we can then 
examine the venous and arterial blood in order to ascertain the 
change the blood undergoes in becoming arterial. 

‘The atmosphere is made up of a mixture of nitrogen and oxygen, 
with a variable amount of moisture and a minute proportion of 
carbonic acid, 

The following table gives the volume* of the gasos in dried air -— 


Oxygen , . , 20°96 per cent., or about 31 per cent. 
Nitrogen =. . 7902 fake 
Carbonic dioxide 002-006 > 4 parts in 10,000, 


‘The amount of moisture contained in the air is very variable, and 
depends in a great measure upon the tempemture and the direction 
of the wind. The dampness of the air depends upon the tempera- 
ture, so that air containing the sume absolute amount of moisture 
may be relatively dry or damp, according as the temperature rises or 
falls As a general rule the air is relatively dry, that is to sy, it 
does not contain #0 much moisture aa it is capable of taking up in 
the form of aqueous vapour at its ordinary temperature. At certain’ 
times of the day the air may be saturated owing to a sudden fall of 
temperature. 

‘The temperature of the air which we breathe of course vaties 
considerably, according to the season of the year, &c., but almost 
always in this country it is lower than that of our bodies, 





* On account of the difference in the atomic wolghta, the atmmeylvers ln, antes =. 
mechanicat wirture of the pares, the proportion by weight is wigty Aker. uc 
about--Oxyxen 2% per cont., Nitrogen 77 per cent. 
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Exrmep Arr, 


‘The following are the notable characters in the tidal air om ite 
leaving the air passages -— 

1, It is rich in CO,, containing on an average 4°38 per cent. in 
quiet breathing, 

2. It is poor in O, containing about 45 per cent. lees than the 
atmosphere. 

3. A slight increase in the N. has been observod, poesibly the 
outeome of nitrogenous metabolism. 

4. The temperture of the air is approximated to that of the body, 
and it therefore commonly exceeds the temperature of the air inspired. 
Tho air on leaving the air passages is about 36%° C, This is not 
mutch influenced by the temperstare of the atmosphere, as may be 
seen from Valentine's Table -— 


‘Temperatures of Atmosphere end of Expired Air, 
—63°C, = + 20'6° C, 
+170" C. - +362° 0, 
4a C, = +380" C. 


It can be seen from the last statement that very hot air (+-44°C,) 
if brvathed is cooled in its transit through the air passages, 

5, In quiet breathing the expired air is satarated with molature ; 
in rapid breathing this is not the case. It must be remembered! that 
the air when warm is capable of holding a greater quantity of vapour 
than when it was inspired. The difference can be best appreciated in 
eolil weather, when the vapour of the warm expired air is condensed 
on mocting the cold atmosphere, Great quantities of water and heat 
are given off in producing this saturation, 

6, If the tidal air be dried and cooled and measured at a certain 
preasure before and after respiration, it is found that the ex; air 
hans lost about J, of its volume, But owing to the ex] from 
the increased temperature and the presenes of the vapour, the volume 
of air expired is greater than that inspired. 

If the oxygen were all need to make CO, these volumes ought ti 
le the same, for the volume of OO, is equal to that of the O it 
contains, if eet froo. The volume CO, given off is, however, oxly 
about 4°38, to 4°5 volumes of O taken in, so that part of the O mime 
be ned in some other way thin in the manufacture of CO, 

7 The expired air ix also sald to contain traces of the Sollevrlng 
dinprarities :—(1) ammonia, (2) hydrogn, (8) cavloardveh Wwylxagen 
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(CH,), (4) organic matter, These, and probably other impurities, 
tive the breath its peculiar odour and noxious properties, for an 
atmosphere rendered “stuffy”? by expired air is much more injurious 
to health than an atmosphere in which a similar deficiency of O, or 
excess of CO, had been artificially produced by chemical means ; 
this fact ought to be remembered when calculating the ventilation 
required for hygienic purposes. The following Table may assist in 
comparing the atmosphere with the expired alr :— 





Atmowphere, | Kapired Air. 
“04 per conte | 438 per vents 
2081 16-08 





Apparvatly’tnereased,. ab- 
solutely reduced th, 
{si 9, Hy CH,, and poltott| 
‘oud orgunie matter, 














About jth of the O which is used does not take part in the pro- 
duction of the CO,, but this proportion may vary greatly. Thus the 
estimation of the CO, can give no sure guide to the amount of O 
taken up; and each gaa has to be estimated separately if an accurate 
measurement be required. 

‘The average amount per diem may be said to be :— 


Carbon dioxide. . «given off about 800 grammes, 
Oxygen . «=. s Comsumed about 700 —,, 
Water... given off about 500, 


The amounts of O twken up and of CO, given off, differ in 
differunt individuals and in the same individuals under varying 
circumstances, among which the following may be enumerated :-— 


1, Increase in the rapidity or the depth of respiratory movements, 
accompanied by an increase in the tidal stream, produces an increase 
of the total amount of CO, given off, while the percentage in the 
volume of expired air is diminished, 

2. It varies with oye. The amount increases with age up to 30 
years, and then remains constant. 

3. Sex; ix Jess in women than in men, but it increases in prege 
naney. 

4. AWwith muscular activity it is notably increased. 

6. Change of temperature of the air has a marked influence on Soe 
CO, output of cold-blooded animals, in whieh it Yncteses wn Aevece 
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proportion to the elevation of temperature. The effect on warm- 
blooded ones is the opposite so long as they can regulate their tem- 
perature. The sustentation of the body temperature in cold weather 
is accompanied by a distinct increase in the output of carbon dioxide. 
6. The time of day ; » maximum is arrived at about midday and a 
minimum about midnight. 

7, An increase in the amount of carbon dioxide in the atmoaphere 
diminishes the amount given off from the langs, 


Caxors tHe Bioop uxpexoors 1x THe Luxas, 


In onler to understand how the oxygen and the carbonic acid pass 
to ani from the blood in the pulmonary capillaries we must know 
the relationship of these gases to the blood in the arterial and venous 
sides of the cireulation, 

In the chapter on the blood (pp. 103, 194) it is stated that both the 
oxygen and the carbon «lioxide can be removed from the blood hy the 
mercurial air-pump, and that the greater part of these gases are 
chemically united with some of the constituents of the blood, and 
that a different quantity of each gus is found in arterial and venous 
Blood. Now that we know that the change from the venous to the 
arterial condition takes place daring the passe of the blood through 
the pulmonary capillaries where it is exposed to the air, we may 
assume that the acquisition of oxygen and the loss of CO, fora ther 
omential difference between venons and arterial blood, 

From either kind of blood about 60 volumes per cent. of gas may 
be extracted with the mercurial gas-pamp, The composition of thir 
varies considerubly in venons, but not very much in arterial blood. 
An average is given in the following Table :— 


Oper cent vol, CO, per centvely Nye omet. Hale, 
Arterial. 2 3 1-2 
Venous. + B=10 (about) a 1-2 


removed the greater ix the pire 
; as delay allows some of it to 
cotmbine with casily oxidised substances in the Mood iteelf, he 
amount of oxygen varies in different parts of the venous system, In 
the blood of an animal which has died of slow axphyxia only trucex 
of oxygen ean be fownil, 

The proofs that O fs, for the most part, in chemical combination: 
with the hmxnoglobin of the red bloed corpuscles, and not merely 
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absorbed, as one might be led to auppove from its coming away when 
the pressure is removed, are numerous anil satisfactory, 

First,—When arterial blood is submitted to gradual diminution 
of pressure in the mercurial airspump the oxygen does not come 
away in acconlance with the established law of the absorption of 
gases ifieery Delon) by coming off in proportion to the diminu- 
tion of the pressure, as at first only traces appear (probably the 
small amount really dissolved), and when the pressure has been ro 
duced to a certain point the oxygen comes off suddenly ; after which 
little mors can be obtained by farther reduction of pressure, Hemo- 
globin combines with O in the same way, very rapidly at first when 
the pressure is low, and then with a much higher pressure a smaller 
quantity is taken up. 

Secondly,—If the oxygen were only in a state of absorption, the 
blood while passing through the pulmonary capillaries, could only 
take up about 0-4 volume per cent., which would be inadequate for 
life. We know that the quantity of O going to the blood from the 
air in the alveoli cannot well be explained on physical grounds 
alone ; and, moreover, when an animal is allowed to die of as 
phyxia in « limited symoe, all the O of the air in the space is 
alworbed, Since the partial pressure of the O in this case must 
fall to zero, it cannot be the pressure which makes the O pass into 
the blood. 

Another conclusire proof that the union of the O with the hamo- 
globin is really a chemical one, is given by the spectroscopic examina~ 
of a hamoglobin solution. When deprived of its O, and after thead- 
mixture of the air, quite dissimilar spectra are seen, as already pointed 
out in Chapter XIV. (Pig. 107). 

‘The amount of O taken up by the blood is not always in propor- 
tion to the pressure of that gas, but rather to the amount of hamo- 

globin in the Vlood ; and we therofore find the adequacy of the 

respiratory function of the blood going hand in hand with its richnoss 

in hemoglobin, and thua the “shortness of breath” of anwmic and 
ehlorotic individuals is explained. 

Our knowledge concerning the relation of the CO, to the consti- 
tnenta of the blood is less definite and clear, 

It does notaltogether exist os a mere physical solution, for it comes 
off irregularly under the air-pump, and does not obey exactly the 

ton law of the absorption of gases. Part comes off easily 

and part with difficulty. It is not associated with the corpuscles, 

for more of this gus can be obtained from sera than from a like 

quantity of blood. It is more easily removed from the blood than 
x 
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from the scrum, a certain proportion (about 7 per vent. of the whole) 
remaining, in the seram in vacuo, until dissociated by the addi- 
tion of an acid or a piece of clot containing corpuscles, If bicar- 
Donate of soda be aided to blood from which all the gas has been 
removed, still more CO, can be pumped out, from which it would 
appear that something exists in the blood capable of dissociating CO, 
from sodium bicarbonate. 

Tt has been anggested that the CO, is in some way associated 
(possibly as sodium bicarbonate) with the plasma of the blood, and 
that the corpuscles have the power of acting like a weak acid, and 
of dissociating it from the soda, and thus raising its tension in the 
blood. 

The great importance of the chemical nature of the union 
between the O and hwmoylobin for external respiration becomes 
most striking; when the actual manner in which the entrance of the 
O is effected is taken into account, 

Tt must be remembered that the further we trace the air down 
the passages, the less will be the percentage of O found in it, 
and therefore a less pressure exerted by that gaa This is shown by 
the fuct that the air given out by the latter half of a single expira- 
tion has less O and more CO, than that of the tirat half, The most 
impure air lies in the alveoli of the lung, for, since the tidal air 
scarcely fills the tubex, the air in the alveoli is only changed by mix- 
ture and diffusion with the impure air of the amall bronchi, Any 
impediment to the ordinary ventilation of the alveoli so reduces 
the percentage, and therefore the tension of the O, that it would 
probably sink below that in the blood, and in that case, were it 
not a chemical union, the O would escape from the blood in proportion 
ag ita tension in the blood exceeded that of the air of the alveoli, We 
Know it does not do this, even in the intense dyspnam of suffocation, 

Tn the same way the difference of tension of the CO, in the alveolar 
air and in the blood, hanily explains the steady manner in which 
the CO, escapes, and it has therefore been suggested that this excape 
4s also in some way a chemical process, possibly connected with the 
union of the O and hemoglobin ; because the admission of O to the 
Dlood seems to facilitate the exit of the CO, 

The following table gives the approximate tension of the two gases 
in the different stepe of the interchange, and shows that the tensions 
are such aa to enable physical alsorption to take some share in the 
entrance of the Ous well as in the escape of the CO. A separate 
column gives the volumes per cent, of cach gas, corresponding to these 


tensions, This process must occur before the oxygen and the hxmo- 
a 





292 MANUAL OF PHYSIOLOGY, 


globin mect, since the latter ia bathed in the plasma, and further 
separated from tho O by the vessel wall and epithelia. 





— Tension | fag Vela 


in mtn, Bg. | per cet, 


Tn arterial seal a 28 
Tn Yonaua Wool a FS) 
In alr of alveotl be x6 
Tw atmosphere. : 0-08 





Isrensat Resrmatios, 

The arterial Wood while flowing through the enpillaries of the 
systemic circulation and supplying the tissues with nutriment, under 
goes changes which arv called internal or tissue respiration, and whieh 
may be shortly defined to he the converte of pulmonary or external 
respination. In the external respimtion the blood is changed fea 
venous to arterial ; wherens in internal respiration the blood fs again 


rendered venous. 

‘There can now be no doubt that these chemical changes take place 
in the tissues thenselves, and not in the blood as it flows through 
the vewsels, The amount of oxidation that takes place fn the blood 
iteelf is indeed very small. The tissues, however, along with the sub- 
stances for their nutrition, extract a certain part of the O from the 
blood. In the chemical changes which take place in the tismos, they 
nee up the oxygen, which rapidly disappears, the tension of that 
gas becoming almost nil; at the same time othor chemical changer 
are indicated by the appearance of CO, ‘The disuppenrnnee of the O 
anit tho manufacture of CO, need not exactly correspond in mupoint, 
and they doubtless often vary in different parts and under different 
circumstances, Of the intermediate steps in the tissue chemistry we 
are ignorant, We do not know the way in which the oxygen is ine 
duced hy the tiswes to leave the hemoglobin ; we can only aay that 
the tissues have a greater affinity for O than the hemoglobin Bary 
arid they at once convert the O into more stable compounds than 
oxyhmmoglobin, and ultimately manufacture CO, which exiatein the 
tinmes and fluids of the Ledy at a higher tension than even in the 
‘venous blool. 


Rearmatios or Anyonman Am, &e, 


The oxygen income and carbonic veld ontyatarethe essential changer 
brought about by respiration, therefore Une prevents, of oxygen ine 
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certain proportion is absolutely necessary for life. The 21 per 
cent, of O of the atmosphere suffices to saturate the haemoglobin 
of the blood, and 14 per cent, of O has been found to be capable 
of eustaining life without producing any marked change in rvspi- 
ration. 

Dyspnea ia produced by an atmosphers containing only 7-3 per 
cent. of 0. This dyspnosa mpiilly increases as the percontage of O 
is further decreased, and when it gets as low as 3 per cent. auffoca- 
tion speedily ensues. 

‘The outpnt of CO, can be accomplished if the lungs be ventilated 
by any harmless or indifferent gas, and since the manufacture of the 
CO, does not take place in the lungs, its climination can go om inde- 
pendently of the presence of O in them. The 79 jer cent, of N co 
tained in the atmosphere has a passive duty to perform in diluting 
the O and facilitating the escape of the CO, from the lungs. 

Indifferent gases are those which produce no unpleasant effect of 
themselves, but which, in the abscnee of O, are incapable of sustain- 
ing life, such as nitrogen, hydrogen, and CH,. 

Irrespirable gases ave such as, owing to the irritating effect on the 
air passages, cannot be respired in quantity, os they cauae instant 
closure of the glottis. In small quantities they irritate and produce 
eough, and if persisted in, inflammation of the air pasuges ; among 
these are chlorine, ammonia, ozone, nitrous, eulphurous, hydrochloric, 
and hydrofluoric acids. 

Poisomous gases are those which can be lreathed without much 
inconvenience, but when brought into union with the blood cause 
death. Of there there wre many varieties, (1.) Those which per- 
manently usurp the place of oxygen with the hemoglobin, viz. -— 
earbon monoxide (CO), hydrocyanie acid (HEN). (2) Narcotic : 
(a) carbonic dioxide (CO,), of which 10 per cent. is rapidly fatal, 1:0 
per cent. poisonous, and over 0°] per cent. injurious. (8) nitrogen 
mouoxide (N,O), Both of these guises lead to a peculiar asphyxia 
without convulaions, (y) chloroform, ether, &e. 

(3) Sulphurvtted hydrogen (H,S), which reduces the oxyhmnio- 
globin, and produces sulphur and water, 

.) Phosphuretted hydrogen (PH,),arseniuretted hydrogen (As H,), 
and cyanogen gas (C,N,) also have specially poisonous effects, 


Vestitation. 


Tn the open air the effects of respiration on the sonomgners cans 
de appreciated, but in enclosed spaces, wich ws Wounes, FON, Sy 
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which are occupied by many persons, the air soon becomes appr 
ciably changed by their breathing. 

‘The most important changes are (1) removal of oxygen, Oke 
in carbonic acid, and (3) the appearance of some poisonous materiale 
which, though highly injurious, cannot le determined. The defi- 
ciency in oxygen never causes any inconvenience, as it is never 
reduced below what is sufficient for the saturation of the hemoglobin. 
‘The excers of CO, seldom gives any inconvenience, since the air be- 
comes disagroeably fusty or stuffy from breathing long before the 
amount of CO, has rachel 0-1 per cent. which amount of pare 
0, can be inspired without any unpleasantness. It is, then, the ox 
halations coming from the lings, and probably skin, some of whieh 
must have a poisonous character, that render the proper supply of 
fresh air imperative, 

‘The difficulty of determining the presence of the poisonous organo 
materials, makes it convenient to use the amount of CO, present in 
the air as the means of measuring ita general purity, Woe suppose, 
then, that the relation between the poisonous orgunie ingredients anid 
the CO, is constant, 

‘Air, which ia rendered impure by breathing, Lecomes disagreenlile 
to the sense of smell when the CO, hos reached the low etandiand of 
‘06 or 08 per cent. Thut is to my, mearcely twlee as much CO, a+ 
is comtained in the pure atmosphere, Supposing that air is une 
wholesome when its impurities ure appreciable by the ptnses, then, 
if the animal body be the source of the CO,, 06 per cent. of thin gas 
makes the air unfit for use. 

An adult man disengages more than half « cubic foot of CO, ia 
one hour (6 Parkes), and conseqnently in that time he renders quite 
wnfit for use mor than 1000 cubic feet of air, by raising the per 
centage of CO, to ‘1 (Ot being initial, and .06 respiratory), 

It is obvious that the emailer tho space and the more 
the more rapidly will the air become vitiated by 
becomes necessiry for health, therefore, to have not only a certain 

cubis space and « certain change of ir for each tndivitualr 
bat the cubie «pace and the change of air should bear to eseh other 
acertain proportion in onler that the air may remain uttielently 


The space allowod in public institutions varies from oo | 
cubic feet per bowl in wich apartments av are occupied hy i 
viduals day and night. As a fair average 1000 sch | 

ae the necemary space in a perfect hygiente wrmangemmnt. Tn 
to keop thin perfoctly wholesome wni treo from. xy weal jaa | 
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the CO, below ‘06 per cent., it is necessary to supply some 2000 cubic 
feet of air per head per hour. 

To give the necessary supply of fresh air without introducing 
dranghts or greatly reducing the temperature of the room is no easy 
matter, and forms the special study of the hygienic engineer. 


AsPayxta. 


If the proper supply of oxygen be by any means withheld from the 
blood so that ite percentage is reduced to a certain point, the death 
of the animal follows in 3 to 5 minutes, accompanied by a series of 
phenomena, commonly included under the term asphyxia, which 
my be divided into four stages 1. Dyapnaa. 2 Convulsion. 3. 
Exhaustion. 4. Inspiratory spasm, 

If the air passages be closed completely the respirations become 
deep, laboured, and rapid. The respiratory efforts are more and more 
energetic, and the various snpplementary museles are called into play 
one after the other, until gradually the second stage is reached in 
about one minute. 

As the straggle for air becomes more severe, the inspiratory 
muscles lose their power, and the expiratory elforts become more and 
more marked, until finally the entire body is thrown into a general 
convulsion in which the traces of a rhythm ars handly apparent. 
‘This stage of convulsion is short, the expiratory muscles becoming 
suddenly relaxed from exhaustion, 

Then the longest stage arrives in which the animal lies almost 
motionless, making some quiet inspiratory attempts. These become 
ygmdually deeper and slower, until they are nothing more than 
deep gneps separated by long irngular intervals, 

The pupils of the eyes become widely dilated, the pulée can hardly 
be felt, and the animal lies apparently dead, when often after a sur- 
prisingly long interval one. snore respiratory gusp follows, and with 
# gentle tremor the animal stretches itself in a kind of tonic inspi- 
ratory spasm, after which it is no longer capablo of resuacitation. 
‘This last pulseless stage to which the term asphyxia is more properly 
confined is the most irregular in duration, but always the longest. 

‘The blood of an animal which haa died of asphyxia is nearly desti- 
tute of oxygen, the hwmoglobin being in a much more reduced 
condition than ix found in venous blood. The first and most 
obvious effect produced by the circulation of blood so deficient 
in oxyyen is excessive stimulation of the resyiratory centxe, white 
causes the extreme and varied actions just describe. toe yee 
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time the venous blood passing through the aystemic capillaries 
affects most profoundly the vaso-motor nerve mechanism, #0 as tO 
cause 4 rapid and considerable rise in blood pressure in the first 
stage of asphyxia. ‘The general constriction of the small arteries may 
be brought about by the venous blood acting directly ox a atimulus 
to the medullary and spinal vaso-motor centres, to the local centres, 
or as direct stimulation of the muscle cells of the arterioles them- 
selves. The centres in the medulla which govern the inhibitory 
fibres of the pneumogastric are also stimulated, and consequently the 
heart beats more slowly. The increase in arterial tension and the 
slow beat give rise to distension of the ventricle, which, when a 
certain point is reached, impedes the working of the heart, anid it 
miusele begins to beat more and more feebly, eo that in the third stage 
the impulse can handly be felt, The museular arterioles then become 
exbausted and relax, the blood presmnre falls rapidly, and with the 
death of the animal reaches zero, Both skles of the heart and great 
Veinsare engorged with blood in the last stage of asphyxia ; the carding 
muscle beingexhausted from want of oxygen, is unable to putap ther 
blood out of the vein, or empty its cavitics. 

Owing to the force of tho rigor mortir of the left ventricle, and 
the greater capacity of the systemic veins, the left side is found com- 
paratively empty some time after death, and at post mortem exmmi- 
nation the right aide alone is found overfilled. 





CHAPTER X 


BLOOD ELABORATING GLANDS, 


Lx the precoding chapters we have seen that the blood undergoes 
important changes as it courses through the different parts of 
its cireuit. Where it comes in contact with the tissues it yields to 
them nutrient material for assimilation, and oxygen for their 
metabolism, and carries away from them aome waste products. In 
the lungs it receives oxygen and gives off carbonic acid. While it 
flows through the minute vessels of the alimentary tract some of the 


muterials elaborated by the digestion of food are absorbed, and 
directly added to the blood ; at the confluence of the great veins in 
the neck the stream composed of lymph and cliyle is poured into 
the blood before it enters the heart, 60 a& to be thoroughly mingled 
with it on its return from the general circulation. Moreover, in 
various glands, different substances are wed in the manufacture of 
their secretions. 

‘Thus it is obvious that there i¢a kind of material cireulation, a 
constant income and output going on in the blood itself as it passes 
through the different parts of the body. ‘The investigation of the 
exact changes which take place in the blood in each organ or part is 
surrounded with difficulty, and in many eases it is quite impossible 
to sacertain what changes occur. In some parts it may be made out 
by noting the results produced, or the substances given off or taken 
up by the blood, as ecen in the changes found in the air after 
its exposure to the blood in the lungs, where we can definitely 
state that the blood has lost or gained certain materials, and ia so far 
altered. In other parts, such as the museles or the ductleas glands, 
where no doubt profound changes in the blood ocenr, we have no 
sepamte outcome which we can analyse, and we must therefore truest 
altogether for the elucidation of the chan ing on in them to the 
differences which may be found to exist in the blood flowing to, and 
that flowing from, such an organ, For this purpose: owe cm Stver 
examine samples of the blood from the artery ani vem of The OrENo, 
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while the onlinary circulation is going on, or, immudiately after the 
removal of the organ, by causing an artificial stream of Blood to 
flow throngh it; then the 
changes brought abont in the 
blood by its passage 
theongan will givetherequired 
information. It ean be seen 
from the foregoing enumera- 
tion of processes, that somo 
congans have a double fanction: 
ws regards the blood. ‘Thus, 
in the lung there ia both reno- 
vation by taking in oxygen, 
and purification by getting rid 
of carbon dioxide. The tex~ 
tures in their internal respira 
tion take the nutriment and 
oxygen, and give to the blood 
CO, and various other waste 
products of tiie change, 








Ducrixss Giasps, 


In the preceding chapters 
the chief sources of income to 
tho blood, viz, the alimentary 
treet and the lungs, baye 
heen consiilerod; and the 
changes the blood undergoes 
fn its passage through the 
tissues in the systemic eapll- 
laries have been allwled ta 
‘The elimination of ene af the 
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ferthnad section of the Su 





Onpetlin, 

1, Gorter: 2 Motul 

1. Piro epee, 

‘A External coll timunson, 

¢, Cobemnar layer, 

ot, Internal cell tase, 

@. Medullary qulmtaare, in whist thew 
Lange vein, partly sen in wertion /, 


most important outcome if 
tisste change, namely, OO,, 
hos been deseribed, 

Tt has, further, been shown 
that a great part of the al 


sorbed nutrient naaberial jwienr 
throngh a special ret of vowels called the lacteals or lymnphation, and 
in so doing has to traverés poculiar ongams called 
glands, whero it is no doubt motlifod, and has addod to it a number 





THYROID GLAND, 299 


of cells (lymph corpuscles) which subsequently are poured into the 
large veins with the lymph and become important constituents of 
the blood. 

‘There is a certainset of organs, which have but slight traits of resem~ 
lance to one another, and in consequence of the want of more accurate 
knowledge as to their exact function, are commonly grouped together 
as ductless or blood glands. Some of those are doubtless nearly akin 
to the lymphatic glands, their duty being the further elaboration and 
perfection of the blood. In this group are commonly placed the 
supr-renal capsules, the thyroid, the thymus, and the spleen, 


Surta-mevan Carsv.e, 


With regand to the function of the supra-renal capsule we may say 
that nothing definite is known. The cortical part is said to nsemble 
the lymph follicles in structure, while the central part, on account of its 
numerons peculiar laryo cells, and great richness in nerves, has been 
explained as belonging to the nervous aystem. 


Fig, Totes ott of the Thyzid Gland of a Child, showing 
portions of ‘The homogeneous ollold substance is represented ax oceupy= 
cin teneal part ct Ga cave of the vesicles, which are lined by even cubical 
epithelium, (Schiifer,), 


‘Tayrorn Bopy. 


‘The thyroid is mare up of grouge of minute closed sacs embedded 
in a etroma of connective tissue, lined with a single row of epithelium 
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cella, and filled with a clear fluid containing mucin, In the adult 

the sies are commonly much «distended with a colloid sabstimce and 

peculiar crystals, and the epithelium has disappeared from their walla, 
Although said to be rich in lymphatics and to 
contain follicular tissue, positive proof of the 
relation of the thyroid ledy to the lymphatic 
system is still wanting. 


Taracs GLaxp. 


The functional activity of the thymus ia re- 

af life when growth takes 

place most rapidly. It is well developed in the 
feotus, and increases in size for a couple of years 
after birth ; but it gradually diminishes fu Bulle 


a 


Vig. 120—Mnsnitind nection of a portion of 
injected Thyinus, shoving crue comeptete 
Jchalo w eentral yeart (ouvity) 
(1), abd parte of otter loledien. (Castiat,) 


band of connective fo) Taymuphodt tiewoe, —_(«) thon vomeda, 
then (a), (a) Vibrons thane, 


sisi! Loses ita original structure during the later periods of childhoed, 
#0 na to become completely degenerate! and fatty in theadult, Te fe 
composed of numerous Little follicles of lymphoid tissue collected {nto 
groups or lobules connected tou kind of central stalk, ‘The |; 

follicles of the young thymus have some Uikeross to thone off the 
intextinal trvet, but they differ from these agminate glanils not qnly ity 
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arrangement but also in having small peculiar nests of lange cells 

of Hassall) in the midat of the adenoid tiame of which 
they are made up. On account of the 
structure of the lobules being so nearly 
identical with that of a lymphatic gland, 
and from its great richness in lymphatic 
vewels, the thymus is said to be related 
to the lymphatic system, and is supposed 
to play an important part in the elabora- 
tion of the blood during the carlier stages 
of animal life. 


Spiers. 





‘The spleen also resembles a lymphatic 
organ in strneture, but differs from it 
in the relation borne by the blood to the — {f) Bmehsat Mets tt ttane 
elements of tho follicular tissue, It is all. 
encased in a strong capsule made of fibrous 
tissue and unstriated muscle cells From this many branching pro- 
Jongations pass into the substance of the organ, 40 as to traverse the 





Pig. 161.—(n} Traboculm of the Spleen, (0) Artery out obliquely, (Cadiat.) 


soft red spleen pulp. In these trabeculm or prolongntions from 
the capsule are found the branches of the splenic artery, dividing 
into smaller twigs without anastomosis. On leaving the trabecule 
the arteries break up suddenly into 4 brush-like serics of small 
Uranches, ending in capillaries which are lost in the pulp where the 
amall veins may be seen to commence, 
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Between the trabecule are found two distinct kinds of tiewe—(1,) 
Rounded masses of lymphoid tissue, which are her and there 
seattered through the organ (Malpighian corpuscles) ; and (2.) the 
peculiar soft splenic pulp, 

‘The mall rounded masses of lymph follicular tissue are situated 
on the course of the fine arterial twigs. The delicate adenoid reti- 

culum which holds the lymph 
cells together, is intimately com 
neeted with the vessel wall, ‘The 
pale appearance of these follicles, 
which distinguishes them from 
the surrounding splenic pulp, 
depends on the number of the 
white cells which are packed in 
the meshes of this perivascular 
adenoid tissue, 
‘The splenic pulp consists as 
system of communicating 
Fe Ee ei ae? nar spaces lined with endothe 
(Gudint,) ium. Into these spaces the 
(a) Meshes made of endothelium. lool is poured from the arteries, 
(0 Tacs areces through which te and thus singles with 
(e) Nuclei of endothetium, numbers of white colls, 
the ordinary blood dises 
white corpuscles or lymph cells, many peculiar cells are fi 
the spleen pulp, Some of these look like lymph culls 
little masses of Lamoglobin, and appear to be transitions 
colourless to the red corpuscles, whilst others, susall, mi 
corpurcles, are regarded as steps in a retrograde ebange in the discs, 
But few, if any, lymph channels lead from the spleen-pul; 
only a relatively small number pass out from the hilns, #0 
splenic artery and vein must be regarded as taking the place of the 
afferent and efferent lymph channels, 

Chemical examination shows the splenic palp to have remarkable 
peculiarities, Although «0 full of blood, which is generally alkaline, 
the spleen is acid in reaction, and contains a great quantity of the 
oxidation products (so-called extractives) commonly found as the 
romultof activetinwe change, The chief of these are uric acid, louel 
xanthin, hypoxanthin, inodt, lactic, formic, succinte, aotti, 
butyric acta. It wlio contains numerous pigments, rich in carbo 
‘ut Little known, which aro probably the outcome of 
huomoglobin, A peculiarly suggestive constituent is an albuminows 
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body containing iron, The ash is found to contain a considerable 
quantity of oxide of iron, to be rich in phosphates and soda, with 
Dut small quantities of chlorides and potassium, 

If the blood flowing in the artery to the spleen be coavpared with 
that in the vein, the difference givea ua the changes the blood hns 
undergone in the organ, and hence is of great importance, In the 
blood of the vein is found an enormous increase in the number of the 
white corpuscles (1 white to 70 red in the vein, as against 1 to 2,000 
in the splenic artery). The red corpuscles from the vein are emaller, 
Drighter, less flattened than those of onlinary blood; they do not 
form rouleair, and are more capable of resisting the injurious influence 
of water. The blood of the splenic vein is also sid to have a great 
proportion of water, and to contain an unusual proportion of uric 
ackd and other products of tiue waste, 

The amount af blood in the spleen varies greatly at different 
times, Shortly after meals the organ becomes tangid, and remains 
enlarged during the later periods of digestion, The size of the 
spleen, which may be taken as @ measure of its blood contents, is 
also altered by many abnormal conditions of the blood, Thus, in all 
kinds of fever, particularly ague and typhoid, and in syphilis, the 
spleen becomes turgid, and in eome of these diseases it remains 
ewollen for some time. In a remarkable disease, lencocythemia, in 
which the white blood cell are greatly increased jn number, and 
the red ones are compamtively diminished, the spleen, in company 
with the lymphatic glands, is often found to be profoundly altered 
antl diseased, and commonly immensely enlarged ; but, on the other 
hand, advanced amyloid degeneration of the spleen may occur without 
any notable alteration taking place in the number or properties of 
the blood corpuscles. 

The spleen may be removed from the body without any marked 
changes taking place in the blood or the economy generally. It is 
said that if an animal whose spleen is extirpated be allowed to live 
for a certain time the lymphatic glands increase in size, or become 
ewollen. 

In attempting to assign a definite function to the «ploen all the 
foregoing facts must be carefully reviewed, and the peculiarity of its 
(1) structure, (2) chemical composition, (3) the changes the blood undere 
goes while flowing through it, (4) the variations in blood supply which 
follow normal and pathological changes in the economy, and (5) the 
absence of effect following its extirpation, must all be borne in 
mind. 


tw structure teaches us that it is intimately related to lymphatic 
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glands. The Malpighian boilies are simply lymph follicles, and the 
pulp may be reganled as a sinus like that of a lymph-gland, with 
this difference, that it is traversed by blood instead of lymph. ‘The 
cell elements found in it indicate that not only white cells are 
rapidly generated, but also that these cells have some peeuliar rola~ 
tionship to hemoglobin, as they are often found to contain some. 
The varieties in size, form, and gener appearance of the red 
corpuscles can be accounted for by either their destruction or their 
formation occurring in this organ. 


Fig. 100.—Seetion of Sper follicle (Malpighian boty} (+) ujected 
to show the vowel; (¢ allicte, the Iymphoud thaws of while te 
in comparison with the pulp (6), the mcxies of which are filled with 
(Cadiat.) 


Its chemical composition also éhows that certain special changes gu 
on in the pulp, and that probably stages of the construction or de- 
struction of haemoglobin are here accomplished may he inferned from 
thy peculiar association of iron with albaminous bodies, 

From the eharscters of the blood flowing from the spleen it hes 
been argued that, besides an enormous production of white corpuscles, 
the destruction of the red discs goes on, while somo new discs am 
farmed, probably by means of the white colle making hemoglobin 
in their protoplasm, which, gradually disappearing, leaves only the 
red mass of humoglobin. 

The increased activity of the spleen after meals, and in certain 
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abnormal states of the blood, as shown hy its containing more blood, 
distinctly points out that some form of blood elaboration goes on in 
it, which is nearly related to, or associated with, nutrition, 

The swelling of the lymphatic glands after extirpation of the 
spleen confirms its relation to these organs, and the fact is undisputed 
that it is a source of the white corpuscles of the blood; but the 
paucity of evidence after this operation as to changes in the nnmber 
or charmcter of the red discs prove that if the spleen be either the 
place of origin or destruction of the red corpuscles it cannot be the 
only organ in which they are produced or destroyed. 


Grrcocestc Fonction or rae Liver. 


Of all the organs that modify the composition of the blood as it 
flows through them, the liver plays the most important part in 
elaborating the circulating fluid. The elimination of the various 
constituents of the bile, which has already been mentioned as neces- 
sary for the purification of the blood, and useful in aiding absorption, 
is probably but a secondary function of this great gland. The pro- 
duetion of a special material—animal starch—essential to the nutri- 
tion and growth of the textures is, in all probability, the main duty 
of the liver cells, and possibly the constituents of the bile are but the 
by-products which must be got rid of, resulting from the chemical 
processes of the mannfacture, 

In the chapter on the digestive secretions the structure of the 
liver was mentioned, and attention was directed to the peculiarities 
of its double blood supply. A relatively small arterial twig takes 
Dlood to it from the aorta, while the great portal veins distribute to 
it all that large supply of blood which flows through the intestinal 
tract and the spleen, 

The blood in the vena porta during digestion can hardly be 
called venous blood, for much more passes through the intestinal 
capillaries when digestion is going on than is necessary for the nutri- 
tion of the tissue of the intestinal wall, The portal blood is further 
to be distingnished from ordinary venous blood from the fact that it 
hhas just been enriched with a quantity of the soluble materials taken 
from the intestinal canal, namely, proteids, sugnx, salts, and probably 
some fats; and it has beon profoundly modified by the changes 
taking place in the spleen. 

It is from this blood that the liver-cells manufacture the starch- 
like substance above mentioned. This substance waa discovered by 
Claude Bernard, and called by him Glycogen, on account of the great 

* 





| 
= 





306 MANUAL OF PHYSIOLOGY, 


facility with which it is converted into sugar in the presence of 
certain ferments which exist in the liver itself and im most tissues 
after death. Shortly after the death of an animal the tissue of the 
liver, and also the blood 
contained in the hepatic 
veins, are extremely 
rich in sugar, which 
jas been formed by 
the fermentation of the 
hepatic glycogen. The 
«quantity of sugar is in 
poi arene 2 
of time that haa ¢lapeed 
since the death of the 
animal, and is minimal, 
if not nil, if the liver 
or hepatic blood be 
taken for examination 
while the tissue ele- 
ments are still alive, 

The peculiar blood 
of the great portal 
vein coming from the 
stomach, intestines, ane 
the spleen, has then to 
piss through a second 
set of capillaries in the 

F liver, and 

PF tbe allmntury tact anfplea )eeat ce shel important ehangee 

‘ing the Ulood from thew onus to the Liver, that this organ must be 

ieganled as occupying a 

foremost position among the blood glands, Differences of the utmost 
importance have long been thought to exist hetween the blood going to 
and that coming from the liver, and to it has even been attribated 
paramount utility asa blood elaborator ; but the scientific know 
lodge of ite power in this respect must date from the discovery ef 
its glycogente function, 

Glycogen is a substance nearly allied to starch in ite chemical 
composition, and ix converted with great readiness fnto 
ugar by the action of certain ferments and acids, Many it tie 
animal textures contain these forments, among others the liver itself, 
at loast when ite thme in dying ; and consequently the Mver with the 
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blood coming from it (if examined in an animal some time dead) does 
not contain glycogen, but sugar which has been formed from ite Ia 
piece of liver taken from an animal immediately afterit is killed be 
plunged into boi water, 40 as to check the action of the ferment 
no trace of sugar is found in it, but only glycogen. After the lapse 
of a little time another piece of the same liver, which has Iain at 
the ordinary room temperature, will give abundance of augar, 

‘The mode of preparation of glycogen depends upon the foregoing 
facta, The perfectly fresh liver taken from an animal killed during 
digestion is rapidly subdivided in boiling water. When the ferment 
hus been destroyed by heat the pices of liver are rubbed up toa pulp 
in a mortar, and then re-boiled in the same fluid. The liquor is 
then filtered, and feom the filtrate the albuminous substances are 
precipitated with potussio-merouric iodide and hydrochloric acid, 
and removed on a filter. From this filtrate the glycogen may be 
precipitated by alcohol, caught on a filter, washed with wther to 
remove fat, and dried. 

Glycogen thua prepared is a white powder, forming an opalescent 
solution in water, which becomes clear on the addition of caustic 
alkalis, It is insoluble in alcohol and wether. With a solution of 
iodine it gives a wine-red colour, and not blue, like starch, which 
it otherwise much resembles in chemical relationship. 

Glycogen has been found in many other parts besides the liver, 
namely, in all the tissues of the embryo, and in the muscles, testi- 
cles, inflamed organs, and pus of adults; in short, where any very 
active tisiue change or growth is going on, eome traces of glycogen 
can be found, 

‘The amount of glycogen in the liver depends ina great measure 
on the kind and quantity of food used, It rapidly increases with a 
full, and decreases with a spare diet, and it slowly falls to nil after 
prolonged starvation. ‘The formation of glycogen is much more de- 
yondent on the carbo-hydrate food than on the proteid, for it rapidly 
rises with increase in the quantity of eugar taken, and falls, as in 
starvation, when pure proteid (fibrin) without any carbo-hydrate ix 
used either with or without fat, Although the large supply of 
glycogen normally manufactured in the liver is probably derived 
from the sugar of the food, we must not conclude from this that 
the liver cella cannot make glycogen from other materials, Possibly 
anything that suffices for the nutrition of their own protoplasm 
enables the cells to produce glycogen. ‘The slowness with which 
glycogen disappears in starvation would sem to point to thi. 

‘The ultimate destiny and uses of glycogen are still vexed. questions. 
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Much trouble has been taken to decide whether it is converted into 
sugar, and ns such carried off by the blood to the tissues, One mt 
of observers deny the existence in the living tissues of the amylolytic 
ferment necessary for its conversion into augur, and think that it 
is distributed simply as glycogen to the tissues; while others say 
that it is gradually changed to sugar before it is carried off in the 
hepatic veins. 

‘The difficulty of determining the exact amount of sugar in the 
Blood with sufficient accuracy may account for the remarkable dis- 
parity of opinion on this subject, and makes this a very unsatisfactory 
means of determining the use or destiny of glycogen. In fact, the 
whole controversy seems idle, for the real questions are, not whether 
the glyeogen is distributed to the tissues as sugar or not, but is the 
glycogen distributed to the tissues as a general carbo-hydrate nutri- 
tive, or is it to be regarded as a step in the manufacture of some 
other material by the liver cells ; in other words, is the glycogen of 
the liver a store of special animal carbo-hydrate to be kept till called 
for, or is it a stage in the formation of fat ? 





CHAPTER XXI. 
SECRETIONS, 


‘Tue secretions which are poured into the alimentary tract have 
Deen already described in the chapter on digestion, There are 
other glands which can now be conveniently considered since they 
more or less alter the blood flowing through them, and thus may be 
said to aid slightly in the perfect elaboration of that fluid, ‘They 
are, however, subservient to very different fonctions ; some having 
merely local offices to perform, and others having duties allotted to 
them of the greatest general importance to the economy. Thix 
becomes obvious from a glance at the following enumeration of the 
remaining glandular organs, 

Secroting glands (other than these forming special digestive 
juices) :— 

Lachrymal, 
Mucous, 
Mammary. 
Sebaceous, 

Exereting glands :— 

Sndorific, 
Urinary, 


SURFACE GLANDS, 
LacunyMan Graxps. 


Most vertebrate animals that live in air have a gland in connec- 
tion with the surface of their eyes, which secretes a thin fluid to 
moisten the conjunctiva. This fluid commonly passes from the eye 
into the nasal cavity, and supplies the inspired air with moisture. 

‘The luchrymal fluid is clear and colourless, with a distinetly 
salty taste and alkaline reaction. It contains only about 1 per cent. 
of solids, in which can be detected some albumin, mucus, and fat 
(1 per cent.), epithelium (1 per cent.) as well ax sodium chloride and. 
other ealts (8 per cent.). 
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The secretion ia produced continuously in small amount, but fe 
subject to auch considerable and sudden increase, that at times it 
cannot all escape by the nasal duct, but is accumulated in the eyes, 
until it overflows to the cheek as tears, This excessive secretion 
may be induced by the application of stimuli to the conjunetiva, the 
lining membrane of the nose, or the skin of the fhee, or by strong 
stimulation of the retina, as when one looks at the sun, A similar 
increase of secretion follows certain emotional states consequent om 
grief or joy. These facts show that the secretion of the glant is under 
neryous control, the impulses stimulating secretion commonly starting 
cither from the periphery, and passing along the sensory branches of 
the fifth or along the optic nerve, or from the emotional centres in the 
‘brain, and arriving at the gland in a reflex manner. ‘The amonnt of 
secretion can alao be augmented by direct stimulation of the lach- 
rymal nerves, #0 that in all probability these are the efferent channels 
for the impulse, 





Mvcovs Graxps.. 


In connection with mouth and stomach seeretions, wention hes 
Jeen made of glands which aré elongated meccules lined with re- 
fmeting cells (Fig. 165). They are distributed over all mucous 
membranes, and are the chief source of the thick, tenaecions, cletr, 
alkaline, and tasteless fluid called mucus 

‘This material contains about 5 per cent. of solid matters, of which 
the chief is muet#, the characteristic material of mucus, which ewelle 
up in water and gives tho peculiar tenacity to the uid. Tt is preci 
pitated by weak mineral and acetic acids ; and, as the 
with the latter docs not redissolve in an excess, this acid becomes = 
ood test to distinguish it from its chemical allies. Mucin is not 
cipitated by boili ‘Mucus also contains traces of fat and albumin, 
and inonganto alts, viz, sodium chloride, phosphates and sulphates, 
and traces of iron, 

‘Tho fluid is secreted either by the special mucous glands, or it 
bo produced by the epithelium of the mucous surfaces The cells 
produce in their protoplnam a quantity of tho secretion, whieh may’ 
often be seen to awell them out to a considerable extent, ‘This clear 
fluid is then expelled, ani the altered cells are rvpaired or 
Many elements, like the remains of epitholial cells, are found ft thie 
secretion ; and also round nacleated inases of protoplasm similar 
to white blood corpuwles, after the imbibition of water, In the 
abnormal secretion of a mucous surface during inflammation these 
mioons corpuscles are, as well as the general amount of aéeretion, 
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enormously increased, 30 that the secretion may become opaque, and 


may appear to be purulent. 
‘The chief object of the secretion seems to be to protect the mucous 
surfaces, which are rich in delicate nerves and vessels, and are sub= 





Fig. 165.—Bection of tho Mucous Mombrane of upper part of nasil cavity showing 
numerous Mucous Glands out in various directions. 4, Surface epithelium ; 
4%, gland sacoulo; ¢, connective tissue lined with seercting cells, (Cadint,) 


jected to many injurious influences of a chemical or mechanical nature. 
Tt is analogous to the keratin of the epidermis, and may be regarded 
as an excretion since it is not absorbed, Wut is east out from the 
mucous passages, and passes from the intestinal tract with the faces, 
and from the air passages ax sputum, &o, 


Sesaczova Gnanps, 


These belong to the outer skin, and commonly open into the 
follicles of the hairs, but also appear on the free surface of the lips and 
prepuce, &e., where no hairs exist, 

‘The secretion cannot be collected in great quantity in a normal 
condition, but as far ns can be made out, it fs composed of neutral fat, 
soap, and an albuminons body allied to casein, and organic salts and 
water, about 60 per cent, 

The secretion seems to be made up of the remains of epithelial 
cells which are thrown off from the inner surface of the glands, while 
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they are undergoing a peculiar kind of fatty degeneration. These 
cells gmdually get quite broken down during their sojourn in the 
gland alveoli, and the secretion is finally pressed out by the smooth 
muscle band which commonly embraces the gland and squeezes it 
against the hair follicle, 

This secretion, the use of which is to lubricate the surface with 
a fatty material, is cast off with the desquamated epithelium 





Fig. 100,—Section of Bkin showing the roots of three hairy und two large subaccous 
glands (4), (Caitiat,) 


and the hair. The Meibomian glands of the eyelids are 

structures, and are specially elaborated for the Iubrication of the 
ciliary margin, The glands about the prepuce and clitoris ary also 
analogous to the sebaceous glands; in eome animals they socrete « 
peculiarly odoriferons material (Castor), 


Mamoanr Geaxps. 
‘The secretion of milk only takes place under certain cireumstances, 
and continues ouly for a limited period. As the name of the glands 
implies, they are present in all mammalian animals ‘The activity 
of the gland commences in the Water vhages of yyeegnmmey wl Ube 


= 
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continues, if the secretion be regularly withdrawn from the gland, for 
some 9 to 12 months, 

During pregnancy the breasts undergo certain preparatory changes 
prior to the appearance of the milk. They increase in bulk owing to 
this greater blood supply, and to certain changes in the cell elements 
of the glands, which are compound saccular glands, Each breast con- 
tains a series of aome ten to twelve glands with distinct ducts, upon 





Pig. 107, —Keotion of Mammary Gland during netive lactation (human). 
(a) Saccules lined with regular epithelium, 
(8) Connective tissue between the ulveoli, (Cadet) 


which are dilatations that act ax reservoirs in which, during active 
lactation, the secretion is stored until it is needed. 

The alveoli are chiefly siccular in form,and are lined with a single 
layer of glandular epithelium, and, during netive lactation, contain 
but little fat, though in the later stages of prognancy before the secretion 
is established the cells contain quantities of large fat globules. 

Milk is a yellowish-white, perfectly opaque, sweetish fluid, with an 
alkaline reaction and a specific gravity of about 1030. When exposed 
to the air, particularly in warm weather, the milk soon loves its alka- 
linity, first becoming neutral, and then markedly acid ; the milk is then 
maid to have “turned sour,” but its appearance is not greatly changed. 
When it hae stood a very long time it may crack or candle, end wayne 
sate into two parts; one a thick white cuni ani the other a Yuin YASS 


a 


314 MANUAL OF PHYSIOLOGY. 


fluid. This turning sour and ultimate curdling depends upon a 
change brought wbout in one of ite most important constituents, 
namely, milk suger, by moans of process of fermentation. The 
milk sugar, in the presence of certain forma of bacteria, ferments and 
gives rise to lactic acid. When the quantity of lactic acid isanflicient, 
it not only makes the milk sour, but also precipitates another of its 
important constituents, namely, casein. This albuminous body in its 
congulation entangles the fat of the milk, and we have thus formed 
the curd of cracked milk, whilst the whey consists of the acid, salts, 
and remaining milk sugar. 

Although the curdling of milk depends on the coagulation of an 
albuminous body, it is never produced by boiling fresh millk, becanse 
the chief proteid is casein, a form of derived albumin (alkali-albumin), 
which does not coagulate by heat, 

When milk is preserved from impurities and kept in a cool place, 
1 thick yellow film noon collects on the top of the fluid, the thickness 
of this layer—the cream, may be taken a3 a rough gauge of the rich- 
ness of the milk, For milk consists of a fine emulsion of fat, the 
suspended particles of which are kept from running together by a 
superficial conting of dissolved casein, When left at rest, the light 
fatty particles float to the top and form the eream. 

When the mammary glands commence to secrete, the milk con- 
tains numerous peculiar structurul elements which finally quite 
disappoar from the secretion, but which are of considemble interest 
in relation to the physiological process of the secretion. These are 
the colostrum corpuscles, whieh eonaist of large spherical masses of 
fine fat-globules held together by the remains of a gland cell, whieh 
encloses the fat-globules as a kind of sac or case, and in which at 
times a nucleus can be made out, 

‘The most remarkable point about the chemical composition of milk 
aga secretion is the large proportion of proteid and fat it containa, It 
appears that there are two distinct albuminows boilies present, vin + 
casein, which appears identical with alkali-albumin, and another 
form of albumin allied to seraae-albumin, ‘The fate are present in thie 
shape of globules of various sizes, being in the condition of a perfect 
emulsion as above stated. They consist of glycerides of palmitic, 
stearic, and oleic nekls, 

The milk sugar is very like glucose or grape sugar, but not se 
soluble, It has the peculiarity of undergoing lactic 

Of the inorganic constituents of milk the most important are 
sodium chloride, and phosphates and carbonates of the alkali ; and 
itten remarkable fact that the potash compounds, which are the most 
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abundant in the red blood corpuscles, are present in greater quantity 
than those of toda. 

‘The following table shows the composition of human milk, a com- 
parison of which with that of some domestic animals will be found 
on page 69 -— 





Albumin =... 3024 
Fat... . 2666 
Milk sugar. 4364 
Salts hse 
11092 
Water. .  .  .  . 88008 
1000-00 


‘The relative quantity of the several ingredients of milk varies with 
the kind of diet used. A vegetable diet increases the per-centage of 
sugar, but diminishes that of the other constituents, and also the 
general quantity of milk, A rich meat diet increases both the general 
quantity and the per-centage of fats and proteids, 

‘The quantity of milk secreted in the twenty-four hours is extremely 
variable in different individuals, and under different circumstances in 
the same individual ; the average in general being about two pints, 

The amount of the different materials in milk varies under the 
following rules, ‘The proportion of albumin increases as the milk 
sugar decreases, and the fat remains the same as the period of lncta- 
thon advances. ‘The portions of milk last drawn are much richer in 
fats than that which is first taken from the gland, In the evening 
the milk ia richer in fat than in the morning. The general amount 
of solid constituents falls, up to the age of thirty years, then gains 
slightly until thirty-five, after which age the milk becomes decidedly 
thinner. These points should be borne in mind in the selection of a 
web-nume. 

Mode of xcretion.— Although the blood contains albumina, fats, &e., 
very similar to those which form the aolid parts of the milk, we have 
good renson for thinking that the constituents of milk are not merely 
extracted from the blood, but that the manufacture of this highly 
valuable secretion is due to the activity of the protoplasm of the gland 
cells, which construct the various ingredients out of their substance, 

Tt has been suggested, asa simple explanation of the formation of 
milk, that the cells undergo fatty degeneration, and the sexxetion ie 
then only the debris of the degenerates cells, 

Some facts support this view, Tn the first place the ingredients ous 
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finds in milk are suggestive of, though not identical with, the 
chemical materials which ean be obtained from protoplasm by 
chemical disintegration rather than of any group of substances found 
in the blood. Further we find that the so-called colostrum corpuscles, 
which appear to be secreting cells filled with fat particles, are thrown 
off from the gland in the early stages of the secretion, and appear in 
numbers in the milk, 

But these colostrum corpuscles soon cease to be thrown off in the 
secretion, and the saccules of the glands during active lactation do 
not contain any signs of the debris of cast off cells, or any grada- 





Wig. 108,--Seetion of the Mammary Gland 
ef a Cet tothe ‘carly stages of Incta~ 


(4) Cavity of alveoli filled with granules 

es and globules of fat. 

1% 8. jum in various stage of 
ia formation, 





tions in degeneration. Only one row of finely granular cells is found 
lining the mecules, and the cavities are filled with globules of variows 
tivea, From this it would appear that in the earlier stages of the 
production of the secretion, the mammary cells, after a lung period 
of inactivity are so unaccustomed to the duty they are called apom 
to perform, that they succumb in the effort, and, being anable to 
produce the rich secretion and rotain their vitality, they are cast off 
‘Their offepring, however, after a generation or two aequire the neces 
sary feoulty of making within their protoplasm all the 
ingredients of the milk, and discharge them oat into the lumen of 
the mccules without themselves undergoing any destructive 
The influence of the nercous system ou the sceretion of the mammary 
Bland is distinetly shown by the wowlerul eymyoy vekween the 
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action of these glands and the conditions of the generative apparatus, 
Farther, different emotions have an effect, not only on the quantity, 
but also on the quality of the secretion, Local stimulation also pro- 
motes the secretion, for the application of the child to the brenst 
at once produces this effect, partly, possibly, through mental influ- 
ences, but chiefly, no doubt, by reflex excitation of the gland 
following the local stimulation, 

For the details of the dietetic value of milk, see Chapter V. on 
Food, p. 69. 


Excrerions. 


‘The term excretion is commonly used to denote a gland-fluid the 
chief constituents of which are manufactured by other tissues, and 
are of no use in the economy, but, on the contrary, require to be 
continually removed in orler that their accumulation in the blood 
may not give rise to injurious consequences. Theso effete matters 
are the outcome of the various chemical changea in the tissues 
whence they are always collected by the blood and carried to the 
glands which preside over their elimination, 

‘The next form of cutancous glands are commonly arranged among 
the exertory organs, though their more important function, as will 
hereafter appear, fa to supply surface moisture for the purpose of 
regulating the temperature. 


Suporrrerovs Graxps, 


‘The sweat glands are distributed all over the cutancous surface, 
Yut in some parts, such us the axilla, perineum, &c., they are both mare 
abundant and langer than elsewhere, They are simple tubes extend- 
ing in a more or less wavy manner through the ekin, and ending in 
a rounded knot formed of several coils of the tube some way be- 
neath the corium, where they are surrounded by a capillary plexus, 
The tube is lined with ylandular epithelium, and its basement 
membrane f¢ beset with longitudinally arranged smooth musele 
fibres, 

‘Tho aceretion of sweat is always going on, though it does not constantly 
‘appear ag a moisture on the surface, because the amount produced is 
only just equal to the amount of evaporution that takes place, To 
‘his caso it is spoken of ns insensible perspiration, Wuier cero 
cirenmstances the sweat collects on the surface and becomes Suv 
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8 fluid —semsilde perspiration—skich hathes the skin, being produced 
more rapidly than it can be evaporated. The quantity of secretion 
necessary to become sensible varies with the dryness and beat 
of the aiz, that is, with the rapidity with which evaporation takes 
place. It happens, however, that the very circumstances which tend 
toamint evaperation also promute the secretion of eweat. Indecl, the 
effect of yreat beat and dryness of the air is to increase the cutaneous 
secretion more sapidly than they increase the capability of evapora- 
thom, and therefure when the air is hot and dry and ie 
going om very actively, we have the secretion of sweat sensible 
to our feelings. When damypmes ix associated with warmth of the 
atioonpbere the sweat collects in lange quantities on the skin, for the 
heat, ax we shall sce hereafter, aids the secretion, and the damp air 
impedes the evaporation. 

‘The quantity of perspiration given off is considerable, bat the wile 
limite within whieh the amount may vary render an attempt to express 
an average in umtabers useless, The amount will depend on (1) the 
temperature of the air, (2) the quantity and quality of fluids fibibed, 
(3) the amount of heat generated in the body, and it therefore varies 
directly with museular exercise. The amount that becomes perceptible 
to our senses depends on the impediments to evaporation that may 
exist, os well as on the amount of fluid produced. 

The chemical composition of sweat varies with the amount secreted. 
When collectod os 4 fluid by enclosing a part of the body iu am ine 
pervious pac, it 1s found to have about 2 percent, of solid matters, the 
jgrenter quantity of which is made up of inorganic ealts, soxtinim eiloride 
being by far the most abundant. It also contains some epithelial 
debris, traces of neutral fats, and several volatile and fatty acide 
(batyric, proprionic, caproic), to whieh it owes its peculiar amelk. It 
iv mid to contain urea, Wut this has been denied, and since all the 
nitrogenous ineome is ecounted for in the urea excreted by the hid- 
aes, it ix probable that the cutaneous elimination of ures is misimual, 
if not exclusively patholoyical. It ix also said to contain alte of 
ammonia, and it affords a means of escape to many drugs In eee 
tain parts of the body, especially in some individnals, it contains 
conriderable amount of pigments, varying in colour from brick red 
to bluish black, which need not be here further deeeribed, 

The qfeet of nercous influence on the secretion of sweat ie 50 asso 
ciated with the nervons mechanisms of the cutaneous yossols that, 
under ontinary cireumetances, it is a slithoult matter to separate 

them: Ther ean ve no doubt, however, that a special nervous 
control is exerted over the production ol swea\, “This syyeurs to be 
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observable in some diseases, the poisons of which variously affect the 
two sets of nerves. Thus, in fever, we observe a dry red skin accom- 
ponied by an increased supply of blood, and a suppression of the secre- 
ton of the sweat glands ; whilst in certain stages of acute rheumatism, 
the exact opposite is seen, i, a profuse sweat drips from the pale 
Doodles skin. It has, moreover, been recently shown that in some 
animals (eats) the stimulation of the sciatic nerve, causing contraction 
of the blood-vessels, produces at the same time a copious secretion of 
xweat ; and a warm atmosphere is said to have no effect on the secre- 
tion of a limb the nerve of which has been cut, although the warmth 
De #0 greut as to make the rest of the animal's body sweat profusely. 

The effect of druge upon the cutaneous secretion is well known, 
‘There is a large group of medicines, especially pilocarpin, which 
produce an increased flow, while many others, notably atropin, have 
a contrary effect, 








Curaxzous Desquamatios. 


Together with cutaneous excretion should be mentioned the con- 
tinuous and extensive loss all over the surface of the body from the 
casting off of the superficial layers of the dried horny cells of which 
the outer part of the ekin ie composed, 

‘The way in which the cells of the mammary gland produce their 
important secretion is by their protoplasm adopting a peculiar method 
of fat manufacture, whilst all the strength of its nutritive powers 
is devoted to the elaboration of the constituents of milk. In a 
similar way the cells of the epidermis devote their nutritive activity 
to the production of a certain material—keratin, which cannot be 
called a seeretion in the onlinary acceptation of the term, but which ia 
certainly elabornted as the result of the nutritive changes going on in 
the protoplasm of the cell during its life-history, just as we know 
that many other substances are produced as the result of the work~ 
ing of gland cells, 

‘The work of the epidermal cells supplics—not a peculiar chemical 
reagent, ws do some of the gland cells of the digestive tract, nor yet 
a nutrient fluid like milk—but the exterior of the body with an 
insoluble, impervious, tough coating, which though thin and elastic, 
is very atrong and resisting. 

‘The nearest analogy to the secretion of the keratin in the epidermal 
cells, is the production of mucin in the cells of Vhe eghhciad Gains, 
of the mucous membnines, Both substances may be LodkeA wen 8 
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excretions, as they never re-enter the system and are cast off, but each 
of them performs a definite function, and is produced by epecial 
protoplasmic elements, like the secretions more generally recognised 
as each, 

‘The amount of nitrogenous substances thus excreted cannot well be 
reckoned, but, having regard to the great extent of surface from 
which they are derived, it must be considerable. 








CHAPTER XXII. 
URINARY EXCRETION. 


Tur urine is the most important fluid excretion, for by it, in 
marmualia, nearly all the nitrogen of the used-up proteid leaves the 
body in the form of urea, 
The construction of the 
urinary glands requires 
the special notice of the 
physiologist. 


Sraverenn or me 
Kipsevs. 


The kidneys may be 
called complex tubular 
xlands, because the tubes 
of which they are com- 
posed are made up of a 
number of parts essentially 
differing from one another 
both in their structure 
and in their relation to 
the blood vessels, 

The tubes Legin by a 
wall rounded dilatation 
(Malpighian capsule)whieh 
is lined by thin flattened 
epitheliam, Opening from 
this capsule, Fig. 171 (%), motel 
is found a tortuous ti- ef 
bule(f),lined by peculiar “nit jrveioriajae 
large rod-beset epithelial 4, cgmmnsnconrat af trees Vestine tea testues. 
cells, which occupy the 
greater portion of ita 
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diameter. ‘This convoluted tabule (/) leads into a tube (¢) of much 
less external diameter, but about equal lumen, owing to the thinness 





Fig. 171.—Dingrass of the Tubules of the 
Kidney, (Cadiat.) 


of ita lining epithelium, the celle of which are more flattened 
and much thinner than those in the tortuous tubes. This thin tube 
forms a loop extending down into the medullary pyramid and 
retemring to the cortex, where it tan We seen Yo vecnm wigs ote 
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yoluted (7) and then to open into a straight collecting tube, The 
collecting tubes (¢, }) receive many similar tributary tubes on theit 
way towards the apex of the Malpighian pynunid, where they 
pour their contents into the pelvis of the kidney, ‘The epithelial 
lining of these collecting tubes is of the ordinary cylindrical type. 








‘Pig. 173-—Portion of Conyoluted Tubulo, showing peculiax Glieiltated epithelial 
coll, (Heidemhain.) 


We thus find four kinds of epithelial cells in the yarious parts of 
the urinary tubules, viz, scaly cells in the capsule ; peculiar rod- 
beset glandular cells in the convoluted tubes ; flattened cells in a 
great part of the loop ; and ordinary eylindrical cells in the lane 
straight tubes, (Figa 172 and 173.) 


Bioop Vrssnis. 


The renal artery, on its way from the hilus to the boundary 
Detween the cortical and medullary portions of the kidney, breaks 
up suddenly into numerous small branches; theso vessels then form 
arches which ran along the base of the pyramids. From the latter, 
straight branches, called interlobular arteries, pass towards the 
surface, and give off lateral branchlets which form the afferent vessels 
to the neighbouring Malpighian capsules, Within the capsules 
the afferent arteries at once break up into a series of capillary loops, 
forming a kind of tuft of fine vessels—the glomerulus, which fills the 
cavity at the beginning of the tubules, and is only covered by thin 
ecaly epithelial cells, and thus separated from the urine, It isa 
singular fact that in the renal circulation the efferent vessel on 
leaving the glomerulus does not, like most veinlets, unite with others 
to form a larger vein; but again breaks up into capillaries, which 
form a dense meshwork around the convoluted tubules. The blood 
is thence conveyed to small straight veins corresponding to the intra- 
lobular arteries, 


Another striking peculiarity of the renal vessels in Yat a 
ee 
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set of arteries, starting from the same point a4 the interlobular 
(between the cortex and medulla), pass towards the centre of the gland 
into the pyramids. They consist of bunches of straight arterioles, 
which lie between the straight and the looped tubules. Corre- 





Fig. 174.—Glomoralus, treated with allver nitrate, showing tho emlothélim. 


sponding with these straight arteries aro minute straight veins, whieh: 
carry the blood back to the vessels at the hase of the pynmida, 

In the kidney, then, we have three seta of capillary vessels, whiels 
differ in their position, the form of their meshes, and their relation: 
to their parent artery. Probably the pressure exerted by the Wood 
in thom, and tho rapidity of its flow through thom, differ also 2— 


1, The capillaries in the ylomeruli are loops collected inte a tuft by 
their covering of delicate epithelium. On sccount of their relation to 
the afferent artery which ends abruptly in these capillaries, and to the: 
amatler cfferont vessel that leads to a scoondary plexus of eagle 
Jaxien, the prewure within the glomeralos must be very great com 
pared with that of the general capillaries of the body, atl must wary 
sanch with elunges in local blood-pressure, 

2% The secondary capillary plexus, wih ie ware melhwork: 


il 
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closely investing the tubules can only be under comparatively trifling 
presiure which varies but little, on aecount of the blood having 
first to pass through the capillaries of the glomerulus, Their 


current of blood must 
also move slowly, since 
the bed of the stream 
is here very great, 

3. The straight ves- 
sela, with long meshed 
capillaries, in the py- 
rumids between the 
looped and stright 
tubules are unlike 
the two preceding. In 
these stmight vessels 
the blood probably 
flowa with greater ve~ 
locity than in those 
around the convoluted 
tubes ; and their blood- 
pressure is less than 
that in the glomeruli 
lyut greater than that 
in the intertubulor 
capillaries, 


The Urine, 


When freshly voided 
the urine of man in 
health is a clear straw~ 
coloured fluid, with 
a peculiar aromatic 
odour, The intensity 


¥ 








Pig, 175.—Diagram showing the relation borne by the 
‘Mood vessels to tho tubules af tho kidney. ‘The 
upper half corresponds to the cartical, the lower 
to the medullary part of tho organ, ‘Tho plain 
tubes are shown scpamtely on the right, and the 
vyesscls on the loft. ‘The darkly shaded arteries 
send of straight tranches to the pyramid and 
Jnrger interlobular branches to tho glomerall, the 
éfforent vessels of which form the plexus around 
the convoluted tubes. 


of the colour varies with the amount of solids—the colour being 
a rough indication of the degree of concentration. On standing and 
cooling @ élight cloud of mucus often appears floating in the fluid. 
This comes from the lining membrane of the bladder, and it 
usually entangles a few flattened epithelial cells, which are the only 
organised structural elements found in it in health. 

‘The fresh urine has a distinctly acid reaction, ‘This does wos 


depend upon the presence of free acid, as is waygerred wy Vas tort 
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that no precipitate is formed on the addition of sodium hypesulphite, 
but upon the lane amount of acid salts, particularly acid soditim 
phosphate, which it invariably contains, A strictly vegetable diet 
renders man’s urine alkaline, and it is said to become less acid after 
meals. In the herbivorous mammalia the urine is normally alkaline 
80 long as their digestion is going on, but when they are 

of food for some time it becomes acid, showing that the alkalinity 
depends upon their dict, 

‘The specific gravity of urine varies greatly at different times, com 
monly, however, ranging between the figures 1015—1020. After 
copious drinking it may go as low as 1003, and after prolonged 
abstinence from liquids, or very active sweating, it may attain 1040. 

‘The quantity of urine secreted is also very variable, that produced by 
an adult usually amounting to about 2 pints per diem (1006—1500 
ec.) The amount is increased by—(1) elevation of the general Iilood- 
pressure, or the pressure in the renal vessels from any cause what- 
ever ; (2) contraction of the cutaneous vessels from cold ; (3) 
drinking ; (4) excess of nitrogenous dict ; (5) the presence of soluble 
matter in the blood, such ax sugnr, salt, &e. ; and, (6), the presence 
of urea as well as various medicaments, has a special action on the 
renal secretion, greatly inereasing the amount of urine passed, 

Although the quantity of urine differs so much under different 
circumstances, the amount of solids excreted by the kidneys in the 
3&4 hours remains pretty much the same, being on an avenge over 
Loz. (50 grammes) for an adult man, 

From this it is obvious that the height of the ap. gr. antst vary 
inversely with the amount secreted, #o that the more scanty the 
urine the higher we expect to find the per-centage of solids, 





Sxcnetion or Thx Unrxe. 

We have just seen that the arterial twig, or afferent weasel, which 
enters the capanlo of Malpighi, breaks up into a set of expillary 
loops, which are only covered by « single layer of extremely thin 
epithelial cells sepamting them from the lumen of the 
tubule, and that the preswuro in the vessels of the glomeruli 
habitually higher than that in most capillaries, and 
greater than that of the second capillary network around the eom- 


voluted tubules, mr 
‘The general arrungement of these vessels, and the high presstiy in 
the glomerulus, give the impression that it is io filtering: 


fapparntna by means of which the fluid parts of the ; 
the urinary tubules. This view ecems supported by the that 


ae 


F 
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the quantity of urine secreted bears a direct proportion to the blood~ 
préssure in the minute renal vessels, whether the change in pressure 
depends on local vascular mechanisms or on changes in the general 
blood-preasure. 

Such a theory, however, cannot adequately explain the formation 
of urine, because the urine differs o materially from the fluid one 
could obtain as a filtrate from the blood. In health it contains no 
albumin, a substance in which the blood is yery rich ; and it has 
enormously more urea and salts than the blood, There is, there- 
fore, both a quantitative and qualitative difference, which implies 
4 distinct process of selection, and although filtration cannot be alto- 
gether exeluded from the process, it must be completely modified 
by other forces. 

Moreover, in the general description of the organ we have just 
seen that in a great part of the tubules, both the epithelial and vas- 
cular supply give the idea of actively secreting gland tubes. From 
the mere construction of the different portions of the gland it has been 
concluded that there are two distinet departments each of which play 
adifferent part in the production of the urine. One is a simple filter- 
ing mechanism, and the other a definitely secreting glandular tubule. 

It is not surprising that, with such a complex arrangement as the 
tubules above mentioned, there should exist different views as to the 
exact mode in which the urine is secreted, As thee are more or 
tesa at variance in their explanation of the method of secretion, and 
asit is difficult to put any of them aside as quite erroneous, it becomes 
necessary to enumerate cach somewhat in detail. 

Feeling convinced of the filter-like function of the glomerulus, and 
reengnising the fact that some other agency was also at work in the 
formation of urine, Bowman explained the process thus :—From the 
glomernlus the watery parts of the fluid are filtered, while the glan- 
dular epithelium selects the important solid constituents which it is 
necessary to remove from the blood, 

Ludwig takes a different view. He believes that the watery part 
of the plasmna, bearing with it the salts, &c,, is filtered from the glome- 
rulus As this fluid passes through the tortuous urinary tubules, a 
large portion of the water is re-ubsorbed into the eapillary networks 
surrounding them. This re-absorption is assisted by the high specific 
«ravity of the blood and the low pressure in these capillaries as 
compared with the glomeruli, where the filtration of the liquid 
oceurs. The réle of the epithelium is not then selection from the 
blood of specific materials, but possibly the prevention of the return 
of the solids with the water back to the blood vessels. 
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Heidenhain attempted to settle the question as to the function 
of the renal epithelium, by introducing into the blood a 
colouring matter—pure sodium sulphindigetate—which be | to 
be eliminated by the kidneys, giving rise to blue urine, On examining 
the organ with the mfcroscope at a suitable time after the injection 
of the colour into the blood, the tubules are found fo be filled with 
the pigment, and in eome cases the peculiar epithelium of the con- 
vyoluted tubules is stained with the blue substance, while the glome- 
rulus and capsule are entirely free from the colour, If the stream of 
fluid from the glomerulus be stopped in any way—tying the ureter, 
section of the spinal cord, or local destruction of the 
blue colour is only to be found in the convoluted tubes and their 
epithelium, and hence it has been concluded that its presence in the 
looped and collecting tubes of the kidneys and urinary bladder, de 
pends upon its being washed out-of the convoluted tubes by the 
stream of fluid filtered from the blood at the glomerulus, 

The following facts may also be adduced in further eupport vf 
the view that the glandular epithelium bears no mean share in the 
removal of the more important solid constituents of the uring, 

‘The epithelium in the tubules of tho kidney of birds is form ina 
pregnated with acid urate of potassium, which insoluble substance 
forms the chief constituent of the solid urine of birds - 

‘The amount of liquid passing out at the kidueys is in direct pro- 
portion to the blood pressure, whereas the excretion of the 
constituents of urine is independent of the pressure, but i related 
to the amount existing in the blood, and the conditian of the epithe 
linm. ‘This is shown by the increased elimination of ures when that 
substance ia artificially intmduced into the ciroulation, even alter 
the flow of the Aid has been checked by section of the spinal cork. 

Another view has been put forwanl, which, with some modition- 
‘tion, appears plausible, or at least worthy of mention, Paying atteme 
tion to the fact that where vascular filtration—ie, the » of 
liquid under presiure through the capillary wall—cecurs elsewhere 
in the body it is not only water and salts, but plese that passer 
‘out of the vessels into the interstices of the Gisnes we may them — 
assume that the fluid part of the blood, as such, aml not meray 
watery part, escapes at the glomerulus, Thatis to say, the solid frye — 
dicuts of the urine in « diluted form, plus sorun-albumin, pase into 
tubules, But on its way down the long and circuitous route: 
the tabules the albumin with much water is nabsorbed by thes 
Juries of the convolutel tubes. The first step in this case ia a: 

Ailtration ; the second is a vital proces of re-cheorpion ol as 
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serum-albumin carried on by the gland cells in the tubules, aided 
by the low pressure in the peri-tubular capillary plexus. ‘This view 
seems supported by pathological experience, which twaches that the 
vemoval of the epithelium of the tubes (the glomeruli remaining 
perfect), is followed by the appearance of albamin in the uring, and 
cysts formed by the destruction of the epithelium and occlusion of 
the tubules commonly contain a fluid somewhat like plasma. 

Doubtless much remains to be found out as to the exact method of 
secretion of the urine, and possibly future research may show us that all 
the views here enumerated have some truth in them, Thata filtration, 
not men: osmosis, takes place, ia made certain by the special vas- 
cular mechanism of the glomerulus Why simply water and salts 
without albumin should pass through the capillaries of the glomerulus, 
and not through any other capillaries, is not sulliciently explained to 
make it sure that this filtration differs from others That the 
glandular epithelium does take an active part in the elimination of 
the urea is rendered almost indisputable from the researches of 
Heidenhain. And yet there remain other parts, eg., the loops of 
Henle, which are constantly found in the kidney, and have a special 
vascular mechanism, and to which none of the foregoing theories 
assign any special or peculiar function, 

From the foregoing evidence we may fairly suppose that most of 
the urea, and possibly some other solid constituents of the urine, are 
selected from the blood by the epithelial cells of the convoluted 
tubules, that the fluid part of the blood escapes at the glomerulus, 
and flows along the varied and circuitous route of the tubules, 
carrying with it the matters poured into the tubes by the cells, and 
that in some part of the tubules the dilute filtrate loses much of its 
water and all its albumin, 














CurmioaL Composition or Unixn. 


‘The per-centage of the various materials in urine varies as the se- 
cretion differs in strength, as mentioned, but on am average it may 
be «aid to contain about 4 per cent. of solids and 96 per cent, water. 

The following are the more important solid matters ;— 

Urea is the most important, and at the came time most abundant 
solid constituent, commonly forming about 2 per cent, of the urine. 
It is regarded as the chief end-product of the oxidation of the nitro- 
genous matter in the body, 4o that the amount exereved yer Seow 
gives us the best estimate of the amount of chemical daangs Wag, 
Place in the tissues. It is roaily soluble in alec) A NEN 
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‘but insoluble in ether. It forms acicular erystala with a silky 
lustre, From a chemical point of view it may be regarded as the 


: 5: pa 
diamide of carbonic ach, with the formula CO { X44", or aXe 
f° 


Its isomeric with ammonium eyanate yy, O, from which it was 
first propared artificially. It is also isomeric with the amide of 
carbamic acid, with which it is considered by some to be identical. 

On exposure to the air bacteria develop in the urine, and, acting 
as a ferment, change the urea into ammonium carbonate, two mobe- 
cules of water being at the same time taken up, this = 

CO(NH,),4+2H,0=(NH,).00,. 
‘This gives rise to a change in the reaction of the urine, which after a 
time becomes increasingly alkaline, and the change is commonly 
spoken of as the alkaline fermentation of the urine. Thia change is 
extremely slow in solutions of pure urea, which do not support bac- 
terial life. 

With nitric and oxalic acids, uren forms sparingly soluble salte—a 
fact made use of in its proparation from urine, 

‘The amount of urea eliminated in the 24 hours is about 500 
grains (36 grammes). Tho amount varies (1) in some degree with 
the amount of urine secreted ; an increase in the amount of water 
being accompaniod by o slight increase in the urea eliminated. 
Some materials, such a+ common salt, increase the water, and therwbhy 
also increase the urea, (2.) The character and quantity of the diet 
influences most remarkably the quantity of urea given off, the amount 
incrunsing in direct proportion to the quantity of proteid consumed. 
Fasting causes a rupid fall in the amount of urea; even in the Inter 
days of starvation it continues to fall, but very slowly. (3.) The 
amount differs with age, being relatively greater in childhood than 
in the adult (wbont half as much again in proportion to the body 
weight), (4,) Many discases have a marked influence on the amomot 
of uren, In most fobrile affections it increases with the intensity 
of the fever, while in disease of the liver it often notably decreases, 

In dinbetes, if the consumption of food be very great the 
‘excrotion of urea may reach nearly 4 ox. (100 grammes) or three 
much as normal, 

ution.—To obtain urea from human urine it is 
to one-sixth of its balk, an excess of nitric acid is added, and ft is 
left to wtand in acool place, Lmpure nitrite of urea separates from 
tho fluid as a yellow crystallized precipitate, This insoluble salt 


be aw 
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is caught on a filter, dried, dissolved in boiling water, mixed with 
animal charoal to remove the colouring matter, and filtered while 
hot ; when the filtrate cools, colourless crystals of nitrate of urea 
are deposited. The precipitate is dissolved in boiling water, and 
barium carbonate added as Jong aa effervescence takes place, barium 
nitrate and urea being produced. This is evaporated to dryness, 
and the urea extracted with absolute alcohol, which on evaporation 
leaves crystals of pure urea, 

Eatimation.—Urea can be estimated volumetrically by the method 
of Liebig, which depends on the power of mercuric nitrate to give 
a precipitate with it. The sulphates and phosphates must be first 
removed by the addition of 40 ¢.c, of a mixture of 1 volume saturated 
barium nitrate and 2 volumes saturated solution of caustic baryta, 
ton equal yolume of urine, This is filtered, and from the filtrate 
an amount corresponding to 10 cc, urine is taken. Into this known 
volume of urine a standard solution of mercuric nitrate (of which 1 cc. 
corresponds to 1 centigramme of urea) is dropped until a sample drop 
of the fluid, mingled on a watch-glass with a drop of concentmted 
sodium carbonate solution gives a yellow colour, which indicates 
that some fee mercuric nitrate remains, For every cubic een- 
timetre of the standard mercuric solution used, there will be 1 
centigramme of urea in the sample of urine ; a small reduction has 
to be made for the chlorides, which are present in tolerably constant 
amount. 

Another simple method consists in mixing together known quan- 
tities of urine and sodium hypobromite (Na BrO) with excess of 
caustic soda. The urea is decomposed in the presence of this salt, 
and free nitrogen evolved — 


CON,H,-+3(NaBrO)-+2(NaOH)=3NaBr+Na,00,-+3H,0+2N. 


‘The quantity of urea may be determined by ascertaining the 
volume of nitrogen, which can be measured dirvctly in a graduated 
tube. 

Uric avid, of which the formula is CLH,N,O, or CH,O,(NH.CN),, 
is present only in extremely small quantities in the normal urine of 
mainmalia, but in birds, reptiles, and insects it forms the chief 
ingredient of the renal secretion. It is sparingly soluble in water, 
and insoluble in alcohol and ether, However, in solutions of the 
neutral phosphates and carbonates of the alkalies it combines with 
some of the base, s0 as to form acid sults, and at the same time eon- 
yerts the neutral into acid phosphates, to which, as has been already 
stated, the urine owes ite acid reaction, These salts are more whats. 
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in warm than in cold water, and heneo generally fall aa & sediment 
when the urine cools, Uric acid is readily converted into area ly 
oxidation, and is probably one of the steps in the formation of una 
which commonly occurs in the body during the gradual oxidation of 
the proteid bodies. 

The presence of uric acid may le recognised by the muroxide test, 
The substance to be tested is gently heated in a flat capsule with 
some nitric acid, A decomposition occurs, N and CO, going off, 
urea and alloxan remaining as a layer of yellow fluid, If this be 
cautiously evaporated, and a drop of ammonia added, a striking 
purple-red colour is produced, which the addition of potash tums 
blue. 


The amount of uric acid normally follows pretty closely the varia- 
tions in urea, but is usually only about § grains (5 grumme) per 
diem. In certain diseases the quantity may be much fnarewsed. 
For the quantitative estimation, which ia seldam deckted by the 
pmactitioner, the student snust consult the text-books of physiological 
chemistry. 

Kreatinin (C\H,N,O) is always present in urine, probably being 
formed from kreatin by the loss of one molecule of water, About 
16 grains (1 gramme) ia exereted per diem. 

Xanthin (CyH.N,0,) aleo occurs in urine, but in extremely small 
quantities, 

Hiypuric acid (O,HNO,) i# a normal constituent of human urine, 
occurring, however, in very small quantities, On the other bund, it 
ix one of the inost important nitroyenous constituents of the urine uf 
the herbivors, where it takes the place of uric acid. Its prusence 
depends on the existence of certain ingredients (benzoic acid, &e,) in 
the food, which are capable of combining with glyein, and forming 
omjugated ack, a molecule of water being formed at the same time, 
thas 





Benroie Ath, — Glyein. Hippuric Acid, Water, 
©,H,0, + O,1,NO, = CUNO, + H,0. 


Tho auiount of hippuric acid increases with increased consumption 
of vegetalile foul, in the cellulose of which the materials exist that 
ate required for its formation. It is in tho liver that the umiuis 
between the glycin und the benzoic acid takes place, aa ia 
the removal of that organ, when benzolo acid injected into the 
vein appears unchanged in the urine, ‘ 

Uralie aid (C,H,0,) ocours often but not constantly in the tiine, 
It ds generally united with line, It is said to appear in greater 


all 
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quantity, together with an excess of uric acid, after meals, and there- 
fore to be related to the production of the latter in the body ; bnt 
it probably is chiefly derived from oxalates being contained in some 
materials taken with the food. 


Corovntxa Marrens. 

It appears probable that the colour of the urine depends on the 
presence of small quantities of distinct substances which have different 
origins in the body. Three auch have been described, and may be 
taken provisionally to represent our knowledge of the subject -— 

1. Uyobilin, which is an outcome of the colouring matter of the 
bile, and therefore a remote derivative of the colouring matter of the 
‘blood, is frequently present in the urine, Itis probably the same as 
hydlrobilirabin, gome of which is occasionally absorbed from the 
intestinal tract and eliminated by the kidneys, 

2. Urochrom is said to be the special pigment of the urine. It 
oxidises on exposure, forming a reddish substance that gives the 
dark colour to some urinary sediments (Uroerythrin). 

3. A certain material (Indican) capable of producing Indigo, is 
commonly present in the urine of man, and in greater quantity in 
that of some animals, particularly the horse, It is supposed to be 
formed from the indol that arises from the putrefactive changes con- 
sequent on the pancreatic digestion, The indol is absorbed and 
unites with sulphuric acid to form Indican, which is a yellow sub- 
stance, Under certain conditions it can be converted by oxidation 
into indigo-blue, 


Isorgante Sara. 

The urine is the great outlet for all inorganic alta, The most 
important of these are— 

Common salt (NaCL) of which a very variable, but always consi- 
derable amount passes away in the urine, The average quantity 
exereted per diem may be said to be about half an ox. (15 grammes). 
It depends greatly on the quantity taken with the food, and falls 
during starvation, but does not completely disappear. It is said that 
if absolutely no sodium chloride be taken with the food the quantity 
excreted diminishes greatly, and that albumin appears in the urine 
about the third day. The amount of salt eliminated follows, with 
striking accumey, the changes that take place at different times and 
under different circumstances, in the quantity of urea excreted. 
‘These facts seem to indicate that there is some relationship between 
the secretion of the two bodies, or that sodium chloride participates 
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in the chemical changes of the nitrogenous tissues, In many diseases 
there occur variations in the quantity of common salt in the urine, 
which can hardly be explained by the change in, or absence of food. 

Phorphates.— About 60 grains (3 to 4 grammes) of phosphoric acid is 
excreted daily in the urine, being combined with alkalies to forms 
salts, viz., potassium, sodium, calcium, and magnesium phi 

Sulphates—Nearly 40 grains (2 to 3 grammes) of sulphuric acid, ae 
sulphates of alkalies, are daily got rid of in the urine. The acid 
comes partly from the food, but chiefly from the oxidation of the 
sulphur contained in the proteids of the tissues. 

A consilerable quantity of potrssivm, sodinm, caloium, and neagme 
sitem, combined as already mentioned, or with chlorine, is contained 
in the urine. 

‘Small traces of tron are also always present in the urine. 

Goes,—The urine also contains free CO, N, and some 0. 109 
volumes of gas pumped out of freah urine have been found to com- 
sist of— 

CO, = 65:40 percent. 
Neos , 
Os 274 y 


AbxouwaL Coystitursts. 

Different kinds of substances occur in urine under cireumetances 
of special physiological interest, and therefore may be here enunie- 
rated, although thefr accurate study belongs rather to pathology, 
Fimt amongst these to be named is— 

Albumin, which occurs from (1) any great incresse in the Dlood- 
pressure in the renal vessels, whether caused by increased inflow or 
impedod outflow, (2.) Excess of albumin in the blood, and, atrange 
to my, some forms of albumin escape much more readily than 
others ‘Thus, egy albumin, globulin or peptone, if introduced arti- 
fictally into the blood, are soon found in the urine, (3) A watery 
condition of the ood, such as would give rise to adema elsowhene 
(4) Total abstinence from NoCL for wome time. (5), Extensive 
destrnetion of the epithelium of the urinary tubes, 

Next in importance to albumin are the following :— 

Grape super ; of which normally only the merest trace pecans i 
the urine althongh there ia always a certain quantity in the blood. 
It is present in lange quantities in (1) the disease known ax 
when « great quantity of pale urine with a very high apecifie ru 
is pared, (2) After injury of a certain part of the floor of the 
ventricle of the lrain, (3,) After poisoning by carars, 


a 
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and nitrate of amyl. In short any disturbance of the circulation of 
the liver gives rise to an increase of sugar in the blood, and when 
the amount reaches 6 per cent. it appears in the urine. 

Bile Acids and Pigments appear in the urine when, from occlusion 
of the bile ducts, they find their way into the blood. 

Levcin and Tyrosin also occur in the urine, but only after profound 
interference with the function of the liver. 

The urine undergoes important changes after being voided, the 
explanation of which is of much interest to the practitioner, and 
must be understood by the student of medicine. (1) Com- 
monly enough the urine loses its transparency as oon as it gets cold, 
though perfectly clear when passed, or when again heated to the 
body-temperature, for the urate are soluble in warm but almost in- 
soluble in cold water. This “muddiness," which soon settles down, 
as a more or Jess brightly coloured sediment, is chiefly caused by the 
precipitation of acid eodium urate, stained with a colouring matter 
derived from the urochrome. When this occurs the urine will 
always be found to be distinctly acid, and if it be left standing for 
some time in a cool place, the neidity will be found to increase, owing 
to the presence of a peculiar fungus which sets up acid fermentation. 
This is said to depend on the formation of lactic and acetic acids, 
and crystals of uric acid, amorphous sodium urate, and crystals of 
lime oxalate are deposited, 

‘After a certain time (which ia shorter when the urine is not yery 
acid and is exposed to a warm atmosphere) the development of bacteria 
occurs in it, and causes the urea to unite with water, and to change 
in the manner already mentioned (p. 330) into ammonium carbo- 
nate, This gradually neutralises the acidity, and finally renders 
the urine alkaline. At the same time an amorphous precipitate of 
lime phosphate appears, and crystals of ammonio-magnesium phos- 
phate and of ammonium urate are produced. 


Uniwary Caren. 


Various ingredients of the urine, which are difficult of solution 
sometimes become massed together ax coneretions, particularly if 
there exist any small foreign body in the bladder, which, by acting 
as a nucleus iays the foundation of a stone. Sometimes «mall con- 
eretions are formed in the tubes or pelvic recesses of the kidney, 
and, when these make their way into the bladder, they commonly 
grow larger and larger, The stracture and composition of a cal- 
culus often gives the history of its own transit from the kidney, 
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and also of various changes in the metabolism of the ivi~ 
tual, for successive layers of different substances are 
found in a stome that has attained any great size. The 
materials foun! in calculi are—urie acid, ammonium urate, 
oxalate and carbonate, ammonio-magnesium phosphate, &, 


Sovace or Unga, &e. 


‘The question as to whether the chief materials of the urine 
exist in the blood and are therefore merely removed by the 
or are manufactured by the special powers of the renal 
been widely discussed, and though the great weight of evidence 
is in favour of the former view, some of the experimental results on 
the subject are mther conflicting. 

‘The following are the more important points in the argument =— 

1. The blood does normally contain mest of the important mub+ 
stances found in the urine; so they need not necessarily be made 
in the kidney. 

2. The blood in the vessel leading to the kidney—the renal 
artery—is said to contain more urea than the vessel lewling from it 
—the rvnnl vein—so that the Vlood appears to lose ures in passing: 
through the kidney, 

3. Ifthe ureters be tied and the elimination be thus prevented, 
urea accummlates in the blood. This can hardly be made ly the 
kidney, because— 

4. If the renal arteries be tied ao that no blood goes to the Iedneya: 
to effect the elaboration of urea in those organs, then the same aecee 
mulation results, showing that the kidneys are certainly not the only 
ongnns where trea is made. 

5. Extirpation of the kidneys also gives rise to a great fperense of 
the urea in the Mood, ‘The amount of urea in the blood after 
nephrotomy ix anid to inerease steadily with the time which her 
after the operation, and the amount a¢gcurmmlated 
the amount that woald normally have been exereted in ote 
time, had the anima} not been operated upon. 

6, Lastly, In sorme discases which greatly interfere with, or 
suppress tho secretion of the kidneys, an accumulation in the 
of certain poisonous or injurious materials takes place, anit 
rime to the gravest symptoms called uneaie polsoning, whieh 
coineide with thow observed in experimental annihilation of) 


funetion, 
From the foregoing it wonld appear to be 
Hunt the urea, which i+ by far the most important ing 
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of the secretion of the kidney, is probably made clsewhore and not 
in that organ, whose duty seems to be chiefly to remove it from 
the blood. This is most probably also true of all the other organic 
constituenta of the urine. The question then arises ;—Where ia the 
‘urea formed ? 

We naturally turn foran answer to the most wide-spread and most. 
actively changing nitrogenous tissue, namely musele. Here, however, 
wo find no response, for neither docs musele contain much trea, nor 
does any very active muscular work perceptibly increase the general 
urea climination, In muscle, however, a material closely allied to 
and readily convertible into urea, namely kreatin, occurs, and it has 
‘been suggested that this substance is changed into urea in the 
kidney. ‘This canot explain the origin of all the urea which ap- 
pears in the urine, for, as already remarked, the urea excretion does 
not correspond with the muscle metabolismn, 

Without for one moment doubting that some, probably a consider 
able quantity of urea comes from muscle, which forme so large a part 
of our bodies, we conclude that there must be and assuredly are 
many other sources of urea, as there are many other parta or organs 
where nitrogenous textures are undergoing chemical changes and 
gmdual waste, 

One source of urea—the liver, is specially worthy of note, since 
it helps to explain the striking relation between the amount of 
albuminous food and the quantity of urea eliminated, the latter fol- 
lowing immediately and running parallel with the former. There 
can be no doubt that most people consume much more albuminous 
food than is necessary for the adequate nutrition and preservation of 
the nitrogenous tissues, and therefore muet have « surplus of nitro- 
genous material in their bodies. It may he remembered, as was 
pointed out in the chapter on digestion, that in all parte of the 
alimentary tract there isa limit to the absorption of peptones, and 
that in the small intestine when delay in absorption occurs the decom- 
position of peptones results, because in prolonged pancreatic diges- 
tion these peptones are changed into leucin (0,H,,NO,) and tyrosin 
(C,H,,NO,) and as such pass into the portal circulation to be borne 
tothe liver. In the liver it is highly probable that these bodies are 
converted into urea, for, when they are introduced into the intes- 
tinal tract, they ure ubsorbed and an excess of urea appears in the 
urine. Thus the excessive part of the proteid food, before it really 
enters the system, is broken up in the intestine into boilies which, 
notwithstanding the chemical difficulty of explaining the process, 
may be regarded aa a step towards the formation of urea. 
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Nervous Mecuaxrsa ov THE Untnany SECRETION, 


With regard to the influence exerted by the nervons system on the 
renal secretion, we have Dut little natisfactory information, although 
there can be no doubt that here, aa in other glands, the process is 
under the control of the nerves. Many of the circumstances which 
cause greater activity of secretion, such as taking large quantities of 
water, &c., have no effect on the general blood pressure, so that, if = 
increased flow be brought about by the vaso-motor mr 
must be by means of nervous channels altering the blood flow in ne 
special arteries of the glands. We know farther that emotional eon- 
ditions, such as hysteria, exist in which an unaccountably great 
quantity of urine of very low specific gravity is evacuated, 

With regard to the effects of the vaso-motor nerves, we know that 
section of all the nervous twigs going to the kidneys causes great con~ 
#¢stion and an immense increase in the secretion, which eommon}y 
contains albumin. This no doubt depends on the sudden rise is 
pressure in the glomeruli, owing to the dilatation of the arterioles. If 
the eplanchnics, in which the renal vaso-motor nerves run, be ent, & 
great quantity of urine is produced from the same causo—yase- 
motor paralysis—but, on account of the large aren of vesnele in- 
jured, the general blood pressure falls, and therefore the effect ix 
not 90 much marked. Ifthe peripheral end of the cut nerves be 
stimulated, the secretion is diminished, and, owing to spasm of the 
renal arterioles and fall of blood pressure in the glomerular. 
may be brought to a standstill, Section of the spinal cord at the 7th: 
cervical vertebra stops the flow, because it eo reduces the genural 
Dood pressure that the pressure in the renal vessels falls below that 
necessary for the filtration of the urine, 


Passage oy trax Unter To THE BLADDER 


‘Tho pressure exerted by the Lilood in the glomerular —— in 

quite muflicient to make the urine flow from the pelvis of the kidineys 

into the bladder, because when the ureters are tied they become dis~ 

temled above the ligature by the urine flowing from the 

where a pressure may be produced of some forty millimetres 

at which prowure the secrotion stops and becomes somewhat: 

in chemical composition (kreatin appearing in greater quantity), 
Normally, however, the passage of the urine along the ureters be 

accomplished by the peristaltic motion of the ducts, which goes am 
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alternately in the two ureters, eo that the urine flows into the bladder 
at different periods from the right and left kidney. 

The ureters have a strong middle coat of smooth muscle along 
which a wave of contraction, lasting about one-third of a second, passes 
thythmically in about 6 to 10 seconds from the pelvis of the kidney 
to the bladder. 

Having reached the bladder, the urine cannot return into the 
ureters on account of the oblique wayin which these duets past 
through the walls of the bladder. When the pressure in the bladder 
increases, the opening of the ducta becomes closed and acts as a kind 
of valve. 

‘The urine, which is continuously secreted and rhythmically con- 
veyed to the bladder, is only voided at convenient seasons ; therefore 
epecial arrangements exist for its retention and expulsion. 

‘The retention of urine in the bladder up to a certain point 
depends on the elasticity of the parts concerned, the dense clastic 
tissues around its outlet being able to resist the elastic force exerted 
by the viscera and the walls of the bladder upon its contents, Thus 
where no active muscular forces can possibly come into play, as in the 
care of the dead subject, or in complete paralyais following destruction 
of the spinal cord, a considerable amount of urine is retained, But 
when « certain pressure is attained by the gmdual accumulation of 
urine within the bladder, the elasticity of the sphincter and the other 
tissues around the outlet is overcome by the elasticity of the bladder 
wall, and the urine slowly dribbles away. 

Tn the normal condition there are two seta of muscwlarmechanisms 
which aid the clastic forces just named. 

They may be regarded oa antagonistic—the one, the sphincter 
muscle, by contracting, strengthens the elastic power of the tissucs 
around the urethra which retains the urine ; the other formed by the 
mouscle-coat of the bladder, called the detrusor wring, aa we shall see 
presently, is the chief agent in actively expelling the urine, When 
these muscles are in good working order, much more urine can be con- 
veniently retained than the elasticity of the tiamues about the urethra 
would permit of. If the spinal cord be destroyed the bladder can 
only retain about j the quantity of urine it conveniently holds when 
the cond is intact. We must, then, suppose that the sphincter muscle 
acts more powerfully when the elastic forces are equalized. The accu- 
mulation of urine after a certain time gives the sensation known as a 
fall bladder, but this feeling is not necessarily accompanied by any 
immediate call to make water, though it soon produces a desire in that 
direction, We suppose, then, that the stimulus given to the sensory 

a 
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nerves by filling the bladder causes reflexly a constriction of the 
sphincter muscle, so that, in proportion as the pressure within the 
Dindder increases, the resistance to its outflow is aleo augmented, 
This does not imply any automatic action of the sphincter vesiew, 
but merely a constant reflex excitation of that muscle, which secures: 
its contraction and the retention of a considerable amonnt of urine 
without the intervention of voluntary influences or attention. 
Micturition, or the expuleion of the urine, does not normally ever 
depend on elastic forves alone, ay in the case mentioned of paralytic 
ineontinence, when the urine commences to dribble away as soon asa 
certain pressure is attained within the bladder, 
When the bladder is full, the elastic forces tending to expel its 
contents increase, and, as we have scen, the resistance is 
ately augmented. Under onlinary circumstances, then, there is a 
combat going on between the expelling and retaining powers (neither 
the muscle in the wall of the bladder nor voluntary effort, however, 
coming into action), in which the retaining forces are just alile 
overcome the expelling elastic pressure. If the urine be retained 
a considerable time, a moment arrives when the reflex stimulation of 
the sphincter no longer suffices to keep back the fluid, and the 
voluntary contraction of the neighbouring muscles has to be called to 
the aid of the sphineter, Under these circumstances, if a drop of 
urine make its way into the sensitive urethra matters are greatly 
altered. Now, even voluntary effort does not suffice to keep back the: 
stream, and an imperative call is made upon the local mechaniame 
to empty the bladder. This is accomplished by the contrac 
tion of the muscular coat of the bladder, which fa excited retlexty 
by the atimuluy starting from the mucous membrane Lining the 
urethra, ‘The evacuation of the bladder is thon secomplished quite: 
independently of the will by a reflex act, which may even be ume 
conscions. 
When the urine once commences to flow it continues until the: 
bladder is quite empty, the last drops of urine being expelled frum 
the urethm by rhythmical spasms of the nwscles around the bulbous 
of that canal, The sequence of eventa will then be—sthnnlas 
tion of the mucous membrane of the urethra by eseape of urine, 
contraction of the detrusor uring; relaxation of the sphineter 
rhythmical contraction of the ejaculator urinw and finally & volume 
tary twitch of the levator ani and neighbouring tauscles, 
‘This sequence of events may goon in sleep, aa a result of 
Jocal excitations, froquently in children, when yrobably the ephines | 
ter ts more readily fatigued. ale] 
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NERVOUS MECHANISM OF MICTURITION, 


Under ordinarily favourble cireamstances, however, we micturate 
voluntarily, and tho bladder is never allowed to become so over-dis 


tended that the reflex contraction of the 
sphincter is insufficient to retain the urine, 
Almost at any time we can call forth the 
reflex act just described by increasing the 
pressure on the bladder by voluntary con- 
traction of the abdominal muscles; the 
diaphragm being depressed and fixed, the 
muscles of expiration are put into action, 
and the contraction of the sphincter 
muscle being at the same time probably 
checked by the will, the power of retention 
is overcome. 

‘The moment the balance of power is thus 
turned in favour of the expelling agencies 
and a drop of urine reaches the urethra, 
the excitation thus produced brings about 
the complete evacuation of the bladder 
without further voluntary effort. 

The nervous mechanism that controls 
the act of micturition consists essentially 
of ganglionic centres which are situated in 
the lumbar enlargement of thespinal cord, 
and of two sets of nerve channels passing 
toand from this centre. The centres may 
be said to be compored of functionally 
distinct parts—a retaining and evacuating 
part, The retaining centre causes the 
aphincter muscle to contract. The evacu- 
ating centre can excite the detrusor to 
action while the sphincter is relaxed by 
the inhibition of its exciting centr, One 
xet of nerve channels communicates be- 
tween these centres and the urinary organs, 
and the other between the cord centres 
and the cerebral hemispheres, That which 
connects the «pecial lumbar centres with 
the bladder, contains motor (efferent) fibres 
of two kinds, going to the antagonistic 
muscles, the sphincter vesicw, and the 
detrusor urina respectively, and sensory 
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{afferent) fibres of different kinds; those going from the bladder to 
the nerve cells in the cord which stimulate them and cans the 
ephincter to remain tonically contrueted, and passing from the 
mucous membrane of the urinary passages to these ganglionic cells 
in the cord are two sets; one of which excites the contractions of 
the detrusor uring and the other inhibits the tonic action of the 
retaining centre. 

The action of the ganglionic cells that «timulate the sphincter 
snusele can to a certain extent be either aided or checked by means 
of cerebral influences, so that two kinds of Sbres—a stimulating and 
an inhibitory one—muat puss from the hemispheres to the imfcturat~ 
ing centre in the cord. 

‘Those cells which govern the motions of the detrusor seem to be 
least under voluntary control, and are probably only stimulated to 
action under normal circumstances by the impulecs arising fram the 
urinary passages, and hence are simply reflex centres, 

‘The effect of certain cmotions on the act of micturition seems to 
show that those ganglion cella in the cord which cause the bladder to 
contract are connected with the higher centres, Thus, extreme 
terror (in a dog at least) often causes a forcible expulsion of urine, 
and great anxiety or impatience seems in man often to have a check- 
ing influence, causing great delay in initiating micturition, 





CHAPTER XXIII. 
NUTRITION, 


We can now compare the incomings and outgoings of the economy, 
and should now be in a position to see what light can be thrown by 
this comparison upon the actual changes which take place in the 
textures of the body. 

We have seen that the income is made up of substances belonging 
to the same groups of materials a8 are found in the body, viz, 
albumins, fats, carbo-hydrates, salts, and water, introduced by the 
alimentary canal, and oxygen, which is admitted by the respiratory 
apparatus ; whilst the outgoings consist of urea from the kidneys, 
carbonic acid from the lungs, certain excrement from the intestine 
and other mucous passages, sweat, sebaceous secretion, epidermal 
ecales, from the skin ; together with a quantity of water from all 
these ways of exit. The milk, ova, and semen, may be here omitted, 
being regarded as exceptional losses, 

In order that the body may be kept in ite normal condition, it 
is necessary, that the income should at least be equal to the out~ 
yoings of all kinda, and, except where growth is going on rapidly, an 
income equal to the expenditure ought not only to suffice, but be the 
moat satisfactory amount of supply for the economy, 

We know that animals can live for some considerable time with- 
out food, in which case, though there be no income, a certain 
expenditure is necessary to sustain life, and therefore the outgoings 
continue. We ought thus to be able to arrive in a vory simple 
manner at the minimal expenditure necessary for the sustentation of 
the body. We shall find, however, that (1) an income equal to this 
minimal expenditure (starvation) does not at all suitice to keep-up 
the body-weight, and that (2) a considerable mangin over and above 
this minimum ié necestary in order to establish the nutritive equi- 
librium ; (3) further, that the proportion of material eliminated and 
atored up in the body reapectively varies as the income is increased ; 
(4) and finally, that the quality of the food—i.¢., Une yroyation ch 
cach group of food-stuff present in the dict—hos an importand Wwisa— 
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ence on the quantity required to establish the equilibrium, or that 
best suited to cause increase of weight or to fatten. 

It will be convenient to consider the following different cases in 
succession : 

1, No income, except oxygen, t., starvation, 

2. An income only equal to the expenditure found during star- 
vation. 

3. Perfect establishment of nutritive equilibrium. 

4. Excessive consumption, 


‘Tiwsce CHANGES. 


As is well known, a deprivation of oxygen—by the respiratory 
function being stopped—almost immediately puts an end to the tissue 
changes necessary for life, so that the oxygen-income cannot be ine 
terfered with without instant death ensuing. Moreover, it has been 
found that a small supply of water makes the investigation of the 
various tissue changes more reliable, by facilitating them and pro 
longing life. We, therefore, commonly speak of a total abstinence 
from solids as starvation. 

When deprived of food, those tissues upon whose activity life 
depends must feed upon the materials stored up in some part of the 
system. Tho first questions to discuss are how much the body loses 
daily in weight during the time that it is thus feeding on iteelf, and 
how far the different individual tissues contribute to this loss, 

The general loss of weight is directly estimated by woighing the 
animal, aud the loss of the individual tissues is calculated by a 
careful analysis of the various exereta, by which oe exact amount of 
nitrogen, carbonic acid, &., are ascertained; the nitrogen corre 
eponds to the loss of muscle; and the carbon (after excluding that 
portion which ia the outcome of muscle change, which may be caleu= 
lated from the nitrogen) corresponds to tho fats oxidised. 

Tt has been found that a starving animal loses weight at first 
rapidly, and subsequently more slowly; and the reason for this 
differenco is thot during the first three or four days the benefit of the 
food laat caton continues, and the waste materials are eliminated im 
proportionately large quantity, When the influence of the food 
taken prior to the commencement of starvation bas ceatel, the 
daily amount uf materials eliminated remains nearly constant, and the 
body-weight diminishes slowly until the animal's death, 

Adult animals commonly live wntil ney Ware Wok shat: half of 
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their normal body-weight. Young snimals die when they have lost 
about 20 per cent. of their weight. 

Roughly speaking, we may take the body of a man to he made up 
of the following proportions of the more important textures ;— 


Mules . . . . 50 per cent 
Skinandft. . .. 2 
Vicks. a fae 
Skeleton . . «2 1 yy 


‘Seeing that the muscle tissue contributes such a large proportion 
to the body-weight, we cannot be surprised that in starvation the 
greotest absolute loss occurs in this tissue ; except in the case of ex~ 
cessively fat animals. Next comes adipose tissue, which almost 
eutirely disappears, the absolute loss from it varying in proportion to 
the fatness of the animal at the beginning of the investigation. The 
spleen and liver lose more than half their weight, and the amount 
of blood is greatly reduced, The smallness of the loss that occurs 
in the great nervous centres is very striking, They seem to feed on 
the other tissues, 

The following table gives the approximate per centage of loss which 
takes place in each individual tissue during starvation :— 


Fot. . . . « 970 percent. 
Muscle . «1 « OD on 
ited. +. oy capitis 
Bolen i a ch Sp lOSR Oa 
Blond: 2 ef us) tn RR 
Nerve centres. 72 OF = 


With regard to the portala by which the various materials make 
their escape, it has been found that practically all the nitrogen passes 
off with the urine, and about nine-tenths of the carbon escapes by the 
lungs as CO,, the remaining one-tenth passing off by the intestine 
and kidneys. Three-fourths of the water is found in the urine, and 
one-fourth yocs off from the skin and lungs. 

‘The following table shows the items of the general loss, and the 
amount per cent. which passes out by the chief channels of exit : 








{Totat Rimtostion.| VIA Kidneys [Longs and Skis. Exervment.| 


70°2 per cont, | 20°1 per cent. |3°7 percent. 
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As the loss of weight of an animal's body during starvation is at 
first rapid and then more gradual, ao also the amonnt of material 
eliminated ia found to diminish much more slowly after the first few 
days, This is well scen from the nitrogenous elimination. For tho 
first four days the fall in the amount of urea excreted is very rapid, 
it then decreases almost constantly until the death of the animal, 
only slightly decreasing in proportion as the animal slowly decreases 
in weight. This has led to the conclusion that the amount of nitro- 
enous material eliminated during ordinary circumstances with a fall 
diet comes partly from used-np nitrogenous tissues, and partly from 
nitrogenous materials which have never really entered into the com= 
position of the tissues, but rather are present as surplus or floating 
nitrogenous pabulum, Hence, two kinds of proteid are supposed to 
exist in the body, viz.,(1) that forming part of the tissues, and (2) that 
cireulating as a ready supply for the nutritive demands of the tiesmes, 


Tn the second case mentioned, namely, where an amount of food is 
supplied which ix just equal to the expenditure which was found to 
take place during starvation, one might suppose that the diet, though 
minimal, would yet suffice to preserve the normal body-' 
However, practice shows this to be far from what actually cecurs, 

An animal fed on diet equal in quantity to the outgoings during 
starvation continues to lore weight, and the quantity of nitrogenous 
substance eliminated (urea) fa greatly in excess of the low standart 
found during complete abstinence from food. From this it would 
appear that even when supplied with an amount of nitrogenous 
material equal to that drawn from the tissues daring starvation, am 
animal till takes a further supply from its own textures. Thus the 
hody subsists on the scanty allowance of nutriment it borrows from 
the tiseues during starvation, only 80 long as there is absolutely no 
food income, and the moment any food is supplied am inereased ex- 
penditure is set up, the income is execoded, and a deficit ocours which 
is beat seen in the nitrogen balance, 

It follows, then, that feeding an animnal on an amount of food-stulfy 
exactly corresponiling to the quantity of nutriment abstracted from its 
own textures during total abstinence is only a slower form of starvation, 

With regund to nitrogenous substances, it has been proved that 
nearly three times as much as the amount eliminated during starya- 
tion is required to establish an equilibrium between the income amd 
expenditure of those special substances, and that any less than this 

Jeads to a distinct nitrogenous deficit, 


The third case mentioned in a previous array Game 
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the nutritive equilibrium is exactly maintained, so that the body- 
weight remains unaltered, the yeuin and loss being equal) ia the most 
important one for us to determine, since its final settlement would 
enable us to fix the most heneficial standard of diet. Unfortunately, 
this case is also the most difficult upon which to come to a satisfactory 
conclusion, for the following reasons : 

1. The elaborate nature of the conditions imposed during the expe- 
riment makes it difficult to carry on the investigation with scientific 
accuracy. 

2 Even when the amounts of gain and loss exactly correspond we 
cannot say that we have the best dietary; because some of the 
income may be quite useless, and pass through the economy without 
having any function to perform in it, and yet appear in the output eo 
4s to give an accurate balance. 

3. We have just seen that the relative amounts of outgoings and 
of material Inid by as store are altered and regulated by the quantity 
of income, And we find that the quality of the income, te, the 
relative proportions of the various food-stuffs, has a material influence 
on the quantities of material laid by and eliminated respectively. 
We must, therefore, consider the efficacy of each of the groups of the 
food-atutfs when employed alone and mixed in different proportions, 

4. Different animals seem to have different powers of assimilation ; 
and under Yarious circumstances the requirements and assimilative 
power of the same animal may vary. 

An animal fed upon a purely meat diet requires a great amount of 
it to sustain its body-weight, It has been found that from J, 
to 4 of the body-weight in lean meat daily is necessary to keep an 
aniual alive without either losing or gaining weight. If more than 
this amount be supplied the animal increases in weight, and as ite 
weight increases a greater amount of meat is required to keep it up 
to the new standard. So that to produce a progressive increase of 
weight with a purely meat diet, it is necessary to keep on increasing 
the quantity of meat given. The reason of this is found in the fact 
that albuminous diet causes an increase in the changes occurring 
in the nitrogenous tissues, 

If an animal which is in extremely poor condition be given an ad 
libitum supply of lean meat, only a limited portion of the albuminous 
substance is retained in the tissues. By far the larger proportion of 
the nitrogenous food is found given off and is represented in the urine 
by urea, and a comparatively small proportion is stored up. Tf thin 
large supply of meat dict be continued for some tinne, \ems and hers 
the albuminous material is stored, more and more Weng Od 
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‘a8 urea, until finally the urea exereted just corresponds to the albu- 
minous materials in the ingesta. When only meat is given, it must 
be supplied in large quantities to maintain the balance of nitrogenoms 
income’ and expenditure which is spoken of as nitrogenous equili- 
brium. Upon the occurrence of a change in the amount of nitro- 
genous ingeata, this nitrogenous equilibrium varies, aml it takes 
some time to become re-established, because a decrease in the neost 
diet is accompanied by a decrease in the weight of the animal, and 
an increase causes it to put on flesh. For each new 

there is a new nitrogenous equilibrium, which is only attained after 
the disturbed relation between the nitrogenous ingesta and excreta 
has been re-ndjusted. 

‘Tho increase of weight which iollows « liberal meat diet depends 
in a great measure on fat being stored up in the body. Mueh more 
of this material is mnde than could come from the fat taken with the 
meat ; hence, we must conclude that it is made from the albuminons 
parts of the meat. 

‘The effect of a dict without any albuminous food ia that the animal 
dies of starvation nearly as aoon as if deprived of all forms of food, 
with the exception that the weight of the body is much leas reduced 
at the time of death. 

‘The addition of fats and sugars to meat dict allows a consider 
able redyction to be made in the supply of meat, and both the body- 
weight and nitrogenous tissue change can be kept in equilibria om 
astmaller amount of food. It has been estimated that the ni 
tissue change is reduced 7 per cent, by the addition of fat, and 10 per 
cont. by the addition of carbohydrate food to the meat dict; therefore 
less meat i wanted to make op nitrogenous tissues, Further, fate 
and sugars, which obviously cannot of themselves form an 
dict, since they contain no nitrogen, secm to have the power of 
neoomplishing some end in the economy which, in thelr absence, 
requires a considomble expenditure of nitregenows materials to. 
about. Fate and sugars, then, supply to the ph reac. 
materials, and thu» shield the albuminous tise —— 
woll as reduce absolutely the nitrogenous drei 

It would furthor appear from the experience gain pepe 
feeding of animals that a good supply of carbohydmates, 
limited quantity of nitrogenous food, is admimbly adapted to 
duce fat, Since much more fat has been found to be 
pigs than could be uccounted for by the albuminous and fathy com 

stituents of their diet, we must saypose that from their 
drate food fat can be manufactured in Yaeix Wedy, 
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Much of the difficulty found in reconciling the opinions of different 
authors upon this point can be removed, and a general idea of the 
manufacture of fats from various food-stutls can be gained, by bear- 
ing in mind the assimilative und secretive functions of the proto- 
plasin, There can be no doubt whatever that the active protoplasm 
of many parts and organs if properly nourished ean manufacture 
fat. As examples, we may take the liver and mammary cells, and 
those connective tissue cells which have no great nutritive duty to 
attend to, This fat production by the protoplasm may be regarded as 
a socrotion of fat, though only in one of the examples given does it 
appear externally as a definite secretion—milk. We cannot scrutinise 
the chemical methods by which this change is brought aout in proto- 
plasm, any more than those which give rise to any other secretion 
We know that protoplasm uses a8 pabulum, albumin, fat, and carbo- 
liydrate, and we have no reason to doubt that the proportion of these 
materials found to form the most nutritious diet for the body gene- 
rally, is algo the proportion in which protoplasm can best make use 
of them, Probably such cells as part with a material containing 
nitrogen—sueh aa mucin-yielding gland cella—require a greater yro- 
portion of pabulum containing nitrogen (albumin) for their perfect 
function, Probably those cells which produce a lange quantity of 
non-nitrogenous material do not require more nitrogen than is neces- 
eary for their perfect re-integration as nitrogenous bodies. But for 
their active function, i.¢., the manufacture of their secretion, they only 
require a pabuluin which contains the sme chemical elements as are 
to be found in the output, In the case of fat-formation, then, a 
supply of fat or carbohydrate ought to suffice if accompanied by a 
siuall amount of albuminous substance. If these non-nitrogenous 
substances be withheld, the protoplasm can no doubt obtain the 
quantity of carbon, hydrogen, and oxygen requisite to manufacture fat 
from albumin, and thus a large amount of nitrogen will be wasted. 

There is nothing in foregoing statement that is not in accord 
with the results of practice and experiment. 

Fat cannot be produced without nitrogen in the diet, because the 
fat-manutacturing protoplasm cannot live without nitrogen, which is 
absolutely necessary for ita own assimilative re-integration. A good 
supply of nitrogenous food aids in fattening, since it gives vigour to 
all the protoplasmic metaboliame, and among them fat-formation, 

‘The albwminoid substance gelatine, which is an important item in 
the food we ordinarily make use of, is ble to effect a caving ta tox. 
alluminons food-stuffy Although it contains a maiden; large 
proportion of nitrogen, it cannot satiafactorily replace W\rarmin Vos 





Aas complotely disappeared, 
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food. Indeed, in spite of the great similarity in its chensical compo~ 
sition to albuminous bodies, it is hardly u better substitute for pro- 
teids than fat or carbo-hydrate ; and, although an animal uses up less 
of its tissuc nitrogen on a diet of gelatine and fat than when itis fed en 
fat alone, it soon dies, asif its diet contained no nitrogenous substance, 


‘The last case we have to consider is that in which the supply of 
food-material is in excess of the requirements of the economy, ‘This 
is certainly the commonest case in man. 

Much of the surplus food never really enters the system but is 
conveyed away with the froces, 

In speaking of pancreatic digestion, reference hax been maile to the 
posible destiny of excess of nitrogenous food. In the a tang 
some of it is decomposed into leucin and tyrosin, which are ab- 
sorbed into the intestinal blood-vessels, In the body these sub- 
stances undergo further changes, which probably take place im the 
liver, Asa result of the absorption of loncin, a quantity of 
urea appears in the urine, and hence the leucin formed in the intes~ 
tine by prolonged pancreatic digestion, is a source of urea, (Soe 
pp. 125, 337.) This view is supported by the almost immediate 
increase in the quantity of urea eliminated when albuminous food 
is taken in lange quantity. 


clude that part at least of the surplus albumin gocs to form fat It 
has been suggested that after sufficient albumin has been absorbed 
for the nutritive requirements of the nitrogenous tismes, the rest ix 
split up into two parte, one of which is immediately prepared for 
elimination as urea by the liver,and the other undergoes changes, 
probably in the same organ, which result in its being converted into fat, 

It would further seem probable, from the manner in which the 
ures excretion changes during starvation, that, as before mentioned, 
the absorbed albumin exists in the coonomy in two forms: one im 
which it ha beon actually assimilated by the nitrogenous tissues and 
forma part of smear hence is called organ-albamin; the other, 
which is erly in solution in the fluids of the boily, being in stock, 
Dut not yet absolutely assimilated, and hence ealled alae 
min, Tho latter passes away during the first few days of starvation, 
being protably broken up to form urva, and « material which serves: | 
the turn of non-nitrogenous food. The organ-albumin only 

to bo use! for the formation of wea aSver the circulating al ! 
| 
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From the foregoing it will be gathered that we cannot gay what 
are the exact destinies of the various food-stufis in the body, Proteids 
are not exclusively utilised in the re-integration of proteid tissues, ag 
an excess gives rise to a deposit of fat. Carbohydrates are not turned 
into glycogen in the tissues simply to replace the carbohydrates used, 
but as will be shown when speaking of muscle metabolism, they are 
intimately related to the chemical elenges which take place during 
the activity of that tissue. If fata are chiefly devoted to the restitu- 
tion of the fat of the body, they certainly are not the only kind of 
food from which fat can be made. 

We may say, then, that all food-stuffs are destined to feed the living 
protoplasm, whether it be in the form of gland cells, the cells of the 
connective tissues, or muscle-plasma, so that all the foodstuffs that 
are rally assimilated contribute to the maintenance of protoplasm 
and subserve to its various functions, Besides nourishing itself and 
keeping itself up to a certain standard composition, protoplasm, 
or rather the yarious protoplasmata, can make the various chemical 
materials we find in the body, Some produce fat, some animal starch 
(glycogen), and others manufacture the various substances we find in 
the secretions ; while yet another group is devoted to setting free and 
utilising the energy of the various chemical associations, 

But all the food we eat is not assimilated ; indeed, the destiny of the 
numerous ingredients of our complex dietaries is not easily traced, 
Of food-stuffs proper the following classification may be made, 
showing that even the same stuff may meet with a different fate 
under different circumstances— 


1. Stuffs which never enter the economy (feces). 

2. Materials absorbed and arriving at the blood are at once 
carried to certain portals of excretion (excess of salts), 

3. Substances which are broken up in the intestine to facilitate 
their elimination (excess of proteid). 

4, Substances absorbed and carried along by the fluids, but not 
really united to the tissues (circulating albumin). 

&, Materiala which after their absorption are really assimilated 
by the protoplasm of the tissues (a certain amount of all 
food-atutls), 

6, Substances which, after their asaimilation by the protoplasm, 
re-appear in their original form, and are stored tup (fata), 


‘The question of the exact amounts and materials require’ Vo Loew. 
the most economic and wholesome dietary is one of wo grat yess 
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importance to receive adequate attention in this manual As a 
rulo men, like cther animals, partake of food largely in excess of 
their physiological requirements when they can get it. This may be 
seen by contrasting one’s own daily food with the amount which has 
been found to be adequate in the case of individuals who have not 
the opportunity of regulating their own supplies of eomestibles, 

An adult man should be well nourished if he be supplied with the 
following daily diet -— 


Albuminous fools . 100 grms, or 3:5 om. 
Weee GO in. eee 
How... e300, OS 
Gels. 2 6 > D ,» , IO 
Water. Pinas + 800 , » Spints 


As a matter of fact, many persona do thrive on a tauch Jess 
quantity of proteid than that given in this table, but in their case 
the fats and starches should be proportionately increased, 

Such a dietary could be obtained from many comestibles alone, 
and hence the taste of the individual may be exercived in selecting 
his food without much departing from sack a standard. Individual 
taste commonly selects foods with too much proteid—ie., an excess 
of nitrogen—whilst the cheapness of vegetable products dictates their 
use in greater abundance as food, 

Compare Chap. V., p. 68, where the quantity of the different 
food-stuffs in some of our common articles of diet is given. 





CHAPTER XXIV. 
ANIMAL HEAT. 


Panr of the work done or energy set free by the chemical changes 
in the animal tissues appears as heat which is devoted to keeping the 
body warm ; for the bodies of most wnimals are considerably warmer 
than their surroundings. Warm-blooded animala are those which 
habitually preserve an even temperature independent of the changes 
which take place in that of the medium in which they live; and, as 
the term warm-blooded implies, their temperature is ne a rule higher 
than the surrounding air or water, Cold-blooded animals on the 
other hand are those whose tompernture is considerably alfected by, 
or more or less closely follows, that of the medium surrounding them, 

‘The Vlood of all mammalia has pretty much the same temperature 
as that of man, about 375°C. and probably varies under similar 
circumstances, But bins, the other class of warm-blooded animals, 
have « temperature about 4° or 6° C, higher than that of mammals, 

‘The blood of those animals whose temperature follows the changes 
that occur around them, is generally from 1° to 5° GC. higher than the 
medium in which they live, They produce some heat, though it be 
in small quantity, and since they have no special plan for its regula- 
tion, it does not remain at a certain standard. Wherever active 
oxidization takes place, heat is produced ; 40 even in invertebrate 
animals an clevation of temperature occurs; this can be easily 
ascertained when they exist in masses, as bees, an active hive some- 
times reaching 4 temperature of 35° C, 

Instead of the term “ warm-blooded,” it ix more accurate to apply 
to animals whose temperature remains uniformly even, and indepen- 
dent of their surroundings, the term “ Homaothermie™ (constant- 
temperature), and to animals with temperatures varying with their 
surroundings Poikilothermic" (or changing temperature), instead 
of the words warm- and cold-blooded, 











= 
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Measvnemest or TeMPeratonr. 


‘On account of the slight degrees of variation that occur in the 
temperature of man, all the changes taking place can be measured 
with a thermometer having a short scale of some 20 degrees, each 
degree of which oceupies considerable length on the instrument, to 
that very slight variations may be easily appreciated. Such ther- 
mometers, with an arrangement for self-reyistering the maximums 
height attained by the colamn of mercury, are in daily use for 
clinical observation, for the temperature of the body is now a 
most important aid to diagnosis and prognosis in a lange class of 
diseases, 

As heat is constantly being lost at the surface of the body, the skin 
is colder than the decper parts, and in order to avoid variations 
caused by this surface loss—which depends in a measure om the 
temperature of the air—special armingements are necessary to prevent 
the thermometer being too much influenced by it, The instrament 
may be brought into close proximity to the deeper parts by being 
introduced into one of the mucous passages, where it is aurromnded 
‘by vascular tisme. In animals the rectum is tho most convenient 
part for the application of the thermometer, but in elinieal 
it is usually placed under the tongue, or in the arn-pit, bulb 
being held ao that on all sides it is in contact with the akin and 
protested from the cool air, 

‘The variations at different parts of the body are but slight, and the 
average normal temperature in man is found to be about 37° CG, 


Norsat, Variations ix TeMrenature, 


‘The normal temperature undergoes certain variations, some of 
which are—(1,) Regular and periodical, depending upon the time of 
day, the ingestion of food, and the age of the individasl, (2) Acel- 
dental circumstances, such as mental or bodily exertion, 

a, The temperature is highest between 4 and 5 7.30 and lowest 
between 2and 4 ast, the transition being gradual, ‘This diurnal 
variation, which normally does not much execed 1° C., fs mach 
exaggerated in heetic fever. : 

4 The teuiperature rises after a hearty meal and fale daring 
feasting, During starvation the temperature sinks gradually until the 
death of the individual, . 

¢ The temperature is highest at birth, and falls about 1° C. 


a 
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Letween that and the age of 50 years,—in extreme old age it is said 
that it again rises, 

d. Muscular exertion, which gives the individual the sensation of 
great warmth, only changes the temperature of the blood about ‘5° C. 
‘The very high temperature which accompanses the disease Tetanus, 
where all the muscles are thrown into a state of spasm, probably 
depends more on pathological changes than on muscular action. 

Mental exertion is also said to cause a rise of temperature, 

fi. Slight differences in the heat of the blood may be brought 
about by variations in the surrounding temperature. The abnormally 
high temperature of fever J much more casily affected by changes in 
the rate of removal of the heat from the body, than is the normal 
temperutare, and hence the therapeutic value of cold applications in 
this class of disenses. 

The temperature of different parts of the body varies in a elight 
degree, and depends upon the following circumstances :-—1, The 
amount of blood flowing through them ; for the blood is the great 
carrier of warmth from one part to another, supplying heat 
where it ix lost by exposure, &e, and it conveys material to those 
parts where the heat is generated, 2. The amount of heat pro- 
duced ina given part, i«, the activity of its tissue change. 3. The 
amount of heat lost, which depends on (a) the extent of surface ; 
(b) the external temperiture; (c) the power of conduction of, and 
the capacity for heat of the swrounding medium, 

From this it is obvious that the deeper parts of the body, where 
active chemical change takes place and which are protected from 
expomre, must be warmer than the exterior, which is constantly 
losing ita heat to the air. The blood then which flows through 
the surface vessels is cooled, and that which flows through 
the deeper vascular viscera i warmed. ‘Thus the skin is usally 
about 37° C., while the mouth beneath the tongue ix about 37-5° C., 
and the rectum about 38° C. Accordingly, then, as the blood has 
recently pasted through a part of the body where it has had an 
opportunity of losing or gaining heat, its temperature varies, but 
only within narrow limita. The mean temperature of the blood is 
higher than that of any other tie, The blood in’ the hepatic 
capillaries ia the warmest in the body. This reaches 40°'73° in the 
dog, or nearly two degrees higher than that in the aorta of that 
animal. The cool Mood from the extremitics and heal mingling in 
the right side of the heart with the unusually warm blood from the 
liver keeps the blood going to the lungs at the standand temperature. 
The blood in the left side of the heart ix a little cooler than the 
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right, probably because the latter lies on the warm liver, aa is proved: 
by the substitution of a cold object for this organ, when the tem- 
perature is reversed, and the blood on the right side becomes colder 
‘than the Ieft, It is pot because the blood is cooled going through 
the lungs, for the heat used in warming the respired airiagiven off by 
the nose and other air passages and not by the alveoli of the lungs. 


Movz or Paopvetios oy Aytaat Hear, 


Tt has already been indicated that the general effect of the 
tissue change of the body is a kind of combustion in the thesues 
of certain substances obtained from the vegetable kingdom, vie, 
proteid, fat, carbo-hydrate, &e, The combustible substances are 
capable of being burned in the open air, or made to nnite with 
oxygen so a8 to prodace a certain amount of heat, being thus converted 
into CO, and HO. In the body the oxidation yoos on in » 
gradual or modified way, ond the end products of the proces ean be 
recognised as CO, eliminated from the lungs, and a+ water and 
area got rid of by the kidneys, The general tendency of the 
ebemical changes in the tiesnes is auch as will eet free energy in the 
form of heat. 

‘The amount of heat that any substance is capable of giving olf 
corresponds to the amount of energy required for the formation from 
CO, and H,O, &., of the compounds contained in it, and this eur 
renpomlenice remains whether the dissociation take place rapidly or 
Alowly. ‘The enbitances we make use of as food have thus « certain 
ont value which depends upon their chemical composition, 

‘The high temperature which hom«othermic animals oan keep 
in spite of the cold of the stmospher in which they wee 
readily accounted for by the chemical change which fs constantly 
oecurring in the timue of their bodies, 

‘The amount of heat produced in any part must, then, 
upon the aetivity of its tissue change, for we fined that the tema 
varies with the elimination of CO, nnd ura, which give « fair 
catimate of the chemical changes of the tisuen, 

1. ‘The siurnal changes in temperature are accompanied Ty an 
afternoon increare and a morning decrease of CO, aml nrea. 

2 Tho tivme change giving rise to CO, decronses in a fasting 
animal, ns doe also tho production of heat. 

2 More CO, is eliminated after meals, when the temporatune abe 


3 — | 
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4. The activity of various organs, such as the muscles and glands, 
is associated with a local increase of temperature, 


Iscomy axp Exrexprrvre or Hear, 


‘As repeatedly stated, the chemical changes which give rise to the 
heat, cause a certain waste of the tissues, which have again to be 
renewed by the assimilation of various nutrient materiala. The 
food is thus really the fuel of the animal body, and the peculiarity of 
this form of combustion is that the tissues assimilate or convert into 
their own substance the fuel, and then themselves undergo a kind of 
partial combustion by means of which they perform their several 
functions, xmongst others heat-production. 

As already mentioned, heat is produced most abundantly in those 
tissues which undergo most active chenical changes, hence the proto- 
plasmic cells of glands and the contractile substance of muscle must 
be looked upon as the chief agents in setting heat free. 

‘The posible heat-income depends on the amount of nutrient 
matter assimilated. As each kind of food has « certain heat 
value, £e, the number of hent-units its combustion will yroduce, 
we ought to be able to estimate the amount of heat produced by 
ascertaining this value and subtracting the calorific value of the 
various substances given off by the body. Since practically the tem= 
perature of the body remains the same, the amount of heat lost 
during a given tine should corrvepond to the income estimated from 
the number of heat-units of the food, So far, however, attempts to 
make the calculated heat-income correspond with the expenditure 
have not been productive of satisfactory resulta, the estimated calorific 
value of the food being hardly equal to the heat calculated to be 
given off by the body. We must remember that itis not the proteid, 
fat and starch of the food that we burn, but the living tissues formed 
by the assimilation of these substances. We do not know what 
chemical changes go on in the eteps of tissue formation, and therefore 
we cannot siy exactly what combinations are eubmitted to the com- 
Dustion which gives us a high heat-value. 

Since the activity of muscle and gland tissue is constantly 
undergoing variations in intensity, the umount of chemical change 
differs at different times, 80 that the amount of heat produced must 
also vary. We know that the heat set free by any organ, stich a6 a 
gland or a musele, increasesin proportion to the incream of ta tune 
tional activity, but we cannot say that the caloric: ackiwivy cam Swey 
independently of other cireumatances. Without snelra wyeekal cdloriths 
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funetion of some tissues, such as muscle, the actual net heat-income 
tanst vary with circumstances which are aechlental aud therefore 
irregular. 

‘Since we know that the nervous eystem controls the tissue netivi- 
ties which are accompanied by the setting free of heat, we can see 
how the nerve centres can materially influence the heat production of 
the body ; thus the more active are the muscles, glands, &., which are 
‘under the control of nerves, the greater the amount of heat produced in 
agiven time. That the nervous system can cause in any tissue a 
chemical change, giving rive toa greater production of heat, without 
any other display of functional activity, we do not know, but many 
facts seem to point to such # possibility, 

‘The effect of nerve influence on the production of heat is greatly 
complicated also by the enormous power exereised by the nerves 
over the blood supply through the means of the vaso-motor mechan- 
isms, for the temperature of any given part ix 80 intimately related 
to the amount of blood flowing through it that the former has been 
commonly accepted as an adequate measure of the latter. 

For the present, therefore, we are not in a position to speak with 
decision of nerves with a purely thermic action. 


‘The expenditure of the heat may be classed under the following 
hoadings : 

1, In warming ingesta: Asa rule all the food and drink we make 
use of aa well as the oxygen we breathe are colder than the body, and 
before they pass out they are raised to the body temperature, 

2 Radiation and Conduction: From the surface of the Duly « 
qnantity of heat is being expended in warming the 
modiun, which is habitually colder than our bedios, ‘The colder the 
medium, the grater its eapacity for heat, aml the more quickly it, 
comos in contact with new portions of the surface the more 
it robs us of. Water or damp air takes up much more heat 
from our surface than dry air of the same temperature, and the 
quantity of heat Jost is etill further increased if tho medium te 
in motion, eo that the relatively colder Muld ts constantly: 
renewed, a 

3. Evaporation : (a) Prom the air passages ; a quantity of water 
passes into tho yaporous state and saturates the tidal alr, tnd , 
change of coniition from liquid to that of vapour absorbs much 
(h) From the skin: sarfuce evaporation is always going Ott, 

when no moisture is perceptible on the vkin,and much fluid of 
we am not sensible ix lost in this way, ‘The qpantivy Set aa . 
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evaporation from the skin will depend on the temperature and the 
degree of moisture of the air in proportion to that of the surfice of 
the body, 

As has been said, the exact income of heatis uncertain and variable 
because the data upon which the absolute amount can be caleulated 
are not scientifically free from error, According to the most careful 
estimates an adult weighing $2 kilo, produces 2,700,000 unite of heat 
in the twenty-four hours which are expended in the following 
way :— 

In warming ingesta . i 3 70,157 units of heat. 
warming tidal air... 140,068 
By the evaporation of 656 grm. 
water from the air passages 397,536 =, 
By surface loss =... 008.S 


From this it appears that more than three-quarters of our heat is 
lost by the skin (77'S per cent.) ; by pulmonary evaporation, 14°7 per 
cent. ; in heating the air breathed, 5-2 per cent. ; in heating ingesta, 
‘2°6 per cent, 


Marsresxance or Usironm TeMPEeRaToRe. 


In order that the vital processes of man and the other homaotherm 
animals should go on ina normal manner, it ia necessary that their 
mean temperature remain neatly the same, and we have seen that 
under onlinary circumstances it varies only about one degree below 
or above the standard 37° C,, notwithstanding the changes taking 
place in the temperature around us, Thus we can live in any 
climate, however cold or warm, and #0 long as our body temperature 
remains unaltered, we suffer no immediate injury. 

‘There isa limit however to thia power of maintaining a uniform 
standard temperature. If a mammal be kept for some time ina 
moist medium, where evaporation cannot take place, at a temperature 
but little higher than its body, say over 45° C,, its temperature 
soon begins to rise and it dies with the signs of dyspneea and conynl- 
sions (probably from the nervous centres being affected) when its 
temperature arrives at 43°—45°, If placed in water at freezing point 
an animal loses its heat quickly, and when its body temperature has 
fallen to about 20° C. it dies in a condition resembling somnolence, 
the circulation and respiration gradually failing. 

Since a variation of more than one or two degrees in the tempera- 
ture of our bodies interferes with the vital activities of the eantrating, 
tissue in the nervous centres, it is of course of The womed Mayors 
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that adequate means for the nice Tegulativn of the mean temperature 
of our bodies should exist. 

‘The temperature of an animal's body must depend on the reh- 
tions existing between the amount of leat generated in the thenes 
and organs and the amount allowed to escape at the surface, and 
these must closely correspond in omer that wat of the body 
remain uniform. Both these factors are found to be very variable. 
Every increase in the activity of the muscles, liver, &,, causes = 
greater production of heat, while a fall in external temperature or 
increase in the moisture of the air causes a greater escape of heat from 
the surface, 

‘The maintenance of wniform temperature may then be accomplished 
ly (1) variations in the heat income, #0 arranged as to make wp for the 
irregularities of expenditure, or (2) variations in the loss to compen- 
sate for the differences of heat generated. Since the temperature and 
moisture of our surroundings are constantly varying between tolerably 
wide limits, the amount of heat given off by our bodies phar! 
greatly at different times. In oolsl damp weather a great contre 
heat is lost in comparison with that which escapes from the body 
when the air is dry and warm. If the heat generated had to make 
up for the changes in the heat lost, one would expeet to find a corm 
epondingly great difference in the amount of heat generated: at 
different times of the year, and no doubt we have some evidence in 
the keener appetite and cousequent use of more fhel, and the natural 
tendency to active muscular exertion during cold weather, to how 
that a greater amount of combustion does take place i winter than 
im warm swimmer weather. If the preservation of a uniform 
temperature depended upon the variations in the amount of fneame 
exactly following those of the expenditure, we shoul find it 
impomible to set our muscular or glandular tives in action €3 
when the external temperature were such as would enable ws 
to get rid of the increased heat following their activity, It ¢ 
would appear that the general tiene combustion, as méastred pee? 
amount of CO, given off, does increase when we are 
surroandings—sueb as a ‘cold bath ; still, as will pecan 
is probable that the variations in heat-income have but 
lating influence on the body temperature, and if thay Ihave 
we are certainly ignorant of the manner in which such inf! 
‘carried ont, 

‘On the other lund, we know that the amount of 
diture may be vorlod, by mechanisms which are almost sell 
dating, Te hes already been stated that Yoe great sankey: 
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heat is lost by the parts im contact with the air, namely, the skin 
and air passages, Tn these places the warm blood is exposed to the 
cool air, and therefore loses much of its heat by radiation, conduction, 
and evaporation, It is obvious that the greater the quantity of 
blood thus exposed for cooling, the greater will be the amount of 
heat lost in a given time by the body as a whole. 

If we review the circumstances which tend to interfere with the 
uniformity of the temperature of the body, we shall see that each 
one i# accompanied by certain physiological actions which tend to 
compensate for the disturbing influences. 

‘The chief common events tending to make our temperature exceed 
or fall short of its normal standard may be enumerated as follows, 
and the explanation of their modes of compensation will at the same 
time be given :— 





Comrexsation vor Isterxat Vartartoss. 


A casual increase in the heat income may he induced by any 
inerensed chemical activity in the tissues, notably the action of the 
muscles and large glands, The moment this increased heat is com- 
municated to the blood, the warm blood brings about the following 
results (partly through the stimulation of certain nerve centres) -— 
(a) An acceleration of respiratory movement, which increases the 
amount of cold air to be warmed and saturated with moisture by the 
air passages, and thus facilitates the exeape of the surplus caloric. 
(@,) Relaxation of the cutaneous arterioles, eo that a greater quantity 
of blood is exposed to the cooling influence of the air. (¢.) Greater 
rupility of the heart-beat, by which a greater quantity of blood ix 
supplied to the air passages and tothe surface vessel (.) And com- 
monly an increase in the amount of sweat poured out on the surface, 
affonling opportunity for greater surface evaporation. Asan example 
of these points may be mentioned active muscular exercise, which 
daily experience shows us is always accompanied by quick breathing, 
rapid heart’s action, and a moist skin, The increased production 
of heat in fever gives rise to the same results, with the exception of 
the sccretion of the sweat, the want of the secretion (probably owing 
to the toxic inhibition of the epecial nerve mechanisms of the glands) 
is a deficiency in the heat-regulating arrangementa, which has much 
to do with the abnormally high temperature of the disease. 

When a lesser quantity of heat is produced, owing to inactivity 
of the heat-producing tissues, the reverse of these events wakes yhaem 5 
namely, the respiration and heart's action are slow, the Sine ye 
and dry, so that little heat can escape. 
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Comrexsarion ror Exrenxat Vana’ or TEMPERATURE. 


When the temperatures of the air rises much above the average, 
the escape of heat is correspondingly hindered ; aml when the 
gencril body temperature begins to rise by this retention of caloric, 
we have the sequence of events detailed in the Inst paragraph as 
being caused by excessive production of heat, But before the eee 
¢an become warmer by the influence of tho inereasol external 
temperature, the warm air, by atimulating the skin, brings aboat 
certain changes independent of the body tempernture which satisfac~ 
torily check the tendency to an abnormal rise. This can be shown 
hy he local application of external heat, by means of which (a 
rush of blood to the skin, and (b) copious sweat secretion may be 
induced ina part. This is brought about by impulses sent directly 
from the skin to the centres regulating the vasomotor and 
mechanisms, and thus causing vascular dilatation amd secretive 
activity. If only « part be warmed, only a local effort Ss made to cool 
that part, and this has but little influence om the general body 
temperature, 

When, however, the atmosphere becomes yery warm, all the 
cutaneous vessela dilate simultaneously, and the escape of beat is 
greatly increased ; while, at the mame time, so much blood being 
occupied in clreulating throngh the «kin the deeper—heat- 
tissues are supplicd with Tess blood, and therefore generate a lesser 
quintity of heat. Thus a marked rise in the external temperntire, 
which at first sight would secm to impede the escape of heat from the 
bedy, really facilitates it, by cousing, through the vascular and 
glandular nerve mechaniems of the skin, a greater exposure of the 
Wood to the cooler air, and a greater quantity of moisture to be 
evaponited from the warm skin. When the temperature of the ale 
reaches that of the body, then the only way of disposing of the Beat 
generated in the body is by evaporation, for radiation aul combuction 
become impossible. In animals like man, whose eutaneous moistare 
ia so great, external heat seldom causes marked change in the rate of 
breathing, bat in animals whose cutaneous secretion fe t 
external heat distinctly affects their respiratory movements, a» 
be ween by the panting of a dog on a very warm day, even when: 
animal is at rest, 

Almost more important thin fueilitating the escape of heat in 
very warm weither, are tho arrangements for preventing its loss: 

the surroundings are unusnally coll, Wx this eave Yooe ool acting 


it: 
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a stimulus to the vaso-constrictor nerve agencies of the skin causes 
the blood to retire from the surface and fll the deeper organs, where 
more heat is produced, This bloodless skin and the underlying fat 
then actus a non-conducting layer or boundary protecting the warm 
Dlood from the cooling exposure, At the same time the secretion of 
the sweat is checked by a special nerve mechanism. Here, too, the 
cold air, which would soon rob the moist surface of its caloric, checks 
the secretion and thereby nullifies its effects in this direction, and 
enables the body to remain at the normal standard temperature, 

‘The chief factors that regulate the body temperature belong then to 
the expenditure department, and may be said to be—(a) variation in 
the quantity of blood exposed to be cooled, and (}) variation in the 
quantity of moisture exposed for evaporation. These regulators 
have to compensate not only for differences of external temperature, 
Int also for great fluctuations in the amount of heat produced in the 
tissues. 

‘The regulating power of the skin, cte., appears to be adequate for 

the perfect maintenance of uniform temperature only within certai 
limits When the limits are passed by the rise or fall of the sur- 
rounding medium, the preservation, for any great length of time, of 
a perfectly uniform body temperature becomes impossible, These 
limits vary very much in different animals, many of which have 
special coverings protecting them from external influences, and thus 
retaining their warmth for all their lifetime in a temperature seldom 
above 0°C. In man the limits vary much, different individuals being 
differently affected aceording to many cireumstances, ey., in both 
extremes of age the limits are narrowed. It would appear that for 
about 10° C_aboye and below the body temperature our skin-regulating 
mechanisms are adequate, but beyond these limits external changes 
affect our yeneral temperature, and if continued become injurious. 
Of course by imitating with clothing the natural protection with which 
some animals are endowed we can aid the normal regulating factors, 
and bear much greater extremes of temperature with safety or even 
comfort. 

It surprises many people to hear that their bodies are always at 
the same temperature, no matter how hot or cold they feel, but, 
practically, this is the case, for our sensations of being hot or cold 
mean simply th when we feel hot our cutaneous vessels are fall 
of warm blood, and this communicates to the cutaneous nerve ter- 
minals—the sensory nerves—the sensation of general warts, On 
the other hand, when the cutancous vessels are empty, the veneers 
nerves are directly affected by the col of the external vir. Bikes 
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the full or empty stato of the vessels of the skin depends generally 
on the heat or cold of the air, we commonly speak of its being cold 
and owrselees being cold as synonymous terms But wo can make 
ourselves warm by violent exercise even on a frosty day, because we 
generate 20 much heat by muscular action that the cutaneous vessels 
have to be dilated in order to get rid of the surplus, and thereby 
regulate our body temperature, and thus we have the sensation of 
being warm, Our feelings when we aay we are warm or eold simaply 
depend upon our cutaneous vessels being full or cmpty of warm 
blood. 

The local appreciation of differences of temperature will be discusses 
under the sense of Touch. 





























CHAPTER XXV. 
CONTRACTILE TISSUES. 





Is the lower forms of organisms the motions executed by proto~ 
plasm suffice for all their requirements. Thus the amaba manages 
to pass through its entire lifetime with no other kind of motion at its 
disposal but the flowing circulation and the budding ont of its soft 
protoplasm. A vast number of minute organisms depend wholly upon 
the protoplasmic stream and the twitching of cilia for their digestive 
and progressive movements. Before we leave the class of aninaals 
which never pass beyond the unicellular stage, wo find, however, 
examples in which a portion of their protoplasm is specially adapted 
to the performance of sudden and rapid motions. The protoplasm 
xo modified in function deserves the name of contractile material. 
‘Thus, though the protoplasm which lies within the stalk of the bell 
animalenle is morphologically undifferentiated, it can contract with 
such rapidity that the eye cannot follow the motion, 

As we ascend in the scale of animal life, the necessity of having 
motions of varied rpidity and duration at the command of the 
animal becomes more and more urgent, and so we find not only one, 
Dut several kinds of tisme specially adapted for carrying out motions 
of different rte and duration. 

‘Asa general rule the more rmpid the contraction it performs the more 
the tiswe differs from the original type of protoplasm ; and the dower 
and more persistent the contraction, the more the tissue elements 
resemble protoplasmic cells. Thus, in the minute blood vessels, as 
we have seen, a very prolonged form of contraction, only varied by 
partial relaxations, is the rale,and gives rise to the toneof the arterioles, 
and the contractile elements differ but little from ordinary protoplasmic 
cells, ‘The intestinal movements are rapid compared with those of the 
arterial muscles, and in them we find a thin, elongated form of 
muscle cell, In the heart a foreible and quick contraction takes 
place, which, however, is slow when compared with the sudden jerk 
of a single spasm of a skeletal muscle, and we find its texture i» 
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different, being a form intermediate between the slow-contracting 
smooth muscle and the quick-contracting striated skeletal muscle. 

By borrowing examples from the lower animals, this parallelism of 
structural differentiation and increase of 
functional energy can be more perfectly 
demonstrated, and we can make out a 
gmdual scale of increasingly rapid motion 
corresponding with greater complexity of 
strncture. 

‘The contractile tismes of the human 
body show many varieties both of func 
tional wnd structural differentiation. ~ 


4 


Hisrower or MUSCLE 

‘The term muscle includes the textares 
in which the protoplasm is specially diffe- 
rentiated for purposes of contraction. 

The musele tissues of the higher animals 
may be di into two classes; 1. non 
striated oramooth, and 2 striated, in which 
again there are some slight variations, 

The wnetriated mascle tiene is that in 
which the elements are most like contrac 
tile protoplasmic cells, and have eo far 
retained the typical form us to be enaily 
recognisable aa cells when separated une 
from the other, These cells are more 
or less elongated, flattened, homoyeneous 
elements with a single, long, rod-like 
nucleus and no coll wall. They ame 
tightly cemented together by a 
elastic substance, so that their 
extremities fit closely together and form 
commonly a dense mast or sheet. Some 
times they branch more or less 
and then are arminged in net-works, 

These cells vary greatly in sie as well 
ee as in the relation of their length to their 
ve ey diteenstioned width, in some’ jlscos cosnrving iia Sia 
——_ of Oe fibres, or fibre-celly and in others Being 

only elongated celle, 
The striated muscle tisene is Voor which ‘vn found bn You comnts 


= all 
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skeletal muscles and in the tissue of the heart, and therefore forms the 
large proportion of the animal, and is known as the flesh, The flesh 
can by judicious dissection easily be divided into single parts called 
muscles, each of which contains many other tlames and is s9 attached 
as to carry on certain movements, and may, therefore, be regarded as 
an organ. 

Such a musele is enclosed in a sheath 
of connective tissue from which, sheet- 


like partitions or septa pass into the 
snase of the muscle and divide it into y 
bundles of fibres, which they enclose. 
These septa also act as the bed in 
which the vessels and nerves He. 

Thebundles of fibresof skeletalmuscle a 
vary much in size, giving a coarse or 
fine grain in different muscles; they are 
composed of a greater or less number of 

€ 


fibres, which lying side by side run 

parallel one to the other. The single 

fibres of striated muscle vary in length, 

sometimes reaching 4—6 em. (2 inches), 

but being on an avernge much shorter, 

so that they only extend the entire ™* ticeaaicaegt con ot 
length of a muscle in the case of very showing the truncated («), or 
short muscles, In long muscles their ‘vids! (¢) ends, and branches 
tapering points are made to correspond ; 

with those of other fibres to which they are firmly attached, The 
soft fibres are pressed by juxtaposition into prismatic forms, 80 
that in a fresh condition they appear polygonal in trinaverse section. 
When freed from all pressure or traction they become cylindrical and 
the transverse striation of the contractile substance appears regular, 
and is easily recognised. 

Each fibre consists of a delicate case of thin, elastic, homogeneous 
membrane, forming a sheath called srcolemma, within which the 
essential contractile substance is enclosed, The soft contractile sub- 
stance completely fills and distends the elastic sarcolemma, so that 
when the latter is broken its contents bulge out or eseape. After 
death, particularly if preserved in weak acid (HCI), the striation 
‘becomes more marked, and the dead and now rigid contractile aub- 
stance can be casily broken up into transverse plates or discs. 

Besides the transverse striation a longitudinal maxed canoe ween 
in the muscle fibre which indicates the subdivision of Une courant 


= 
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substance into thin threads called primitive fibril. Each primitive 
fibril shows a transverse marking, corresponding with the transverse 


Pe, 170.—Twe fibres of striated uae 
le, tu whieh the cantante a= 
setainee (m9) har been ruptured saat 
operated from the sercobemin 

(a) and (9) (p) epee wader 

rwokamuma, (Ramvles,) 


oft tat they can unite around foreign bodies, aul yet have 
anfficient consistence to distingaisa Yoero (rom Med, - 





striation, which divides the fibrils 
into short blocks called sarcous, or 
muscle elements, These markings, 
a5 wellas the transverse striations of 
the muscle fibre in general, depend 
on different parts of the contruetile 
substance having different powers of 
refraction, which give the appearance 
of dark and light bande, 

In the musele fibre arv found long 
granular masses like protoplast ; 
these are the nuclei of the contractile 
substance, ‘They must not be 
confounded with ie nuplel of the 
sarcolemma, which are much more 
numerous along the edge of the fibre, 
or with the other short nuckel seem 
in such numbers between the filros, 
which indicate the position of the 
capillary vessels, 

It is stated that each striated 
muscle Glire has a nerve fibre” 
ing directly into it, bat the exaet 
details of the mole of union in 
mammatia are not yet satinfhetorily 


annde ont, 


Prorentins oy Mesci® 1% wate 
Passrve State. 

Comsistence.—The contractile sie 
stance of muselo is so soft ma te 
deserve rather the name fluid than. 
solid ; it will not drop as a liqnid, 
but its separoted parte will flow 
together again like « halfuelted 
jelly. In this xespeet it resembles 
the protoplasm of ORRE 
isms, the bods from whieh are eo 


a 
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Chemical composition.—The chemical composition of the contraetile 
substance of muscle in the living state is not accurately known. 
The death of the tissue is accompanied by certain changes of a 
chemical nature which give rise to a kind of coagulation, resulting in 
the formation of two substances, viz., muscle serum and musele clot or 
myosin. ‘This coagulation can be postponed almost indefinitely in 
the contractile substance of the muscles of cold-blooded’ animals, by 
keeping the rauscle after its removal at about 6°C, In this way a pale 
yellow, opalescent, alkaline juice may be pressed out of the muscle 
and scparated on a cold filter, This substance turns to a jelly at 
freezing point, and on being allowed to come to the ordinary tempera- 
ture of the room it passes through the stages of congulation secn in the 
contractile substance of dead muscle, and gives the aame fluid serum 
and clot of myosin. Since a frog's musele can be frozen and thawed 
without the tissue being killed, it is supposed that the thick juico 
ia really the contractile substance, and it has been called muscle 
plasm. 

‘The coagulation of muscle plasma reminds us in many ways of the 
clotting of the blood plasma, but the muscle-clot, or myosin, which 
is gelatinous and not in threads like fibrin, isa globulin, and is soluble 
in 10 per cent. solution of walt, It is readily changed into syntonin 
oracid albumin, and forms the preponderantalbaminous substance of 
muscle. 

The serom of dead muscle has a distinctly acid reaction, and 
contains three distinct albuminous bodies coagulating at different 
temperatures, one of which is serum albumin, and another a derived 
albumin, potassiam-albumin. The serum of muscle also contains : 
(1) Kreatin, kreatinin, xanthin, &e. (2) Haemoglobin. (3.) Grape 
sugar, muscle sugar, or inosit, and glycogen. (4.) Sarcolactic acid 
made from the inosit by fermentation, (6,) Carbonic acid, (6). Potas- 
sium salts; and (7.) 75 per cent. of water. ‘Traces of pepsin and 
other ferments have also heen found. 

Chemical change.—In the state of rest a certain amount of chemical 
change constantly goes on, by which oxygen is taken from the 
hasmoglobin of the blood in the capillaries, and carbonic acid is given. 
np to the blood, These changes seem necessary for the nutrition, and 
therefore the preservation of the life and active powers of the tissue, 
because if a muscle after removal be placed in an atmosphere free 
from oxygen, it soon loses its chief vital character, viz,, its irritability. 

Elasticity.—Striated muscle is casily stretched, and, if the extensiow. 
be not carried too far, recovera very completely Wa orighnal \engia. 
We aay then that the elasticity of muscle in small ox aah preet 

As 
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perfect, When a muscle is stretched to # piven extent by « weight— 
say of 1 gramme—if another gramme be then added, it will not #treteh 
the muscle so much as the first did; and so on if repeated gramme 
weights be added one after the other, each succeeding granune will 
cause less extension of the muscle than the previous one; so that 
the more a muscle {a stretched the more forve ia required to stretch it 





Fig. 180.1. Shows gruphically the amount of exteunun evened by equal woh 
tnerements applied to a atee! spring. 
2, Shows graphically the amount of extension comed by equal weight 
increments applied to an iniin-rabber band, 
5. Tho same applied to « frog's muselo, Showing the decrwwstrur teere 
ments of extension; the gradual continuing stretohing win the 
failure to return to the absciasa when the weight Us reaoved, 





to the given extent, or, in other words, the elastic force of muscle 
inerenses with its extension, 

If a tracing be drawn showing the extending effect of a series of 
equal weights attached to a fresh muscle, it will be found that 
8 great difference exists betweon it and a similar record drawn by 
inorganic bodies or an clastic band of rabber. 

When a weight is applied to a muscle, it does not immediat 
stretch to the full extent the weight is capable of effocting, Dut a 
certain time, which varies with circumstances, is required for ft 
complete extension, The rate of extension is at first rapid, then 
slowor, until ft ceases, As a mtucle loses ite powers 6f contre 
tion from fatigue, it becomes more casily extended. Dend amitiadle 
Jina o greater but leas perfect elasticity than living, Le, it Tequites 

ter force to stretch it, Wut does wo return so puefeetly te 
ita former shape, ‘The importance of Che Coote yroyerty a inal 
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in the movements of the body is noteworthy, ‘The muscles are 
always in some degree on the stretch (as can be seen in a fractured 
patella, the fragments of which remain far apart and cause the 
surgeon much anxiety), and brace the bones together like a serics of 
springs, the various skeletal muscles being so arranged aa to stretch 
others by theircontraction, When one muscle—for example, the biceps 
—contmacts, it finds an elastic antagonist already tense ; this it has to 
stretch as it shortens, The triceps thus acts as a weak spring, 
opposing the biceps, and it gently returns to its natural length when 
the contraction of the biceps ceases. By their mere elasticity the 
muscles are kept tense and ready for action, and have to act against 
a gentle spring-like resistance, so that the motions are even, and there 
is no jerking, as would occur if the attachments of the inactive 
muscles were allowed to become slack. 

Klectric Phenomena.—In a living muscle electric currents may 
be detected, having a definite direction, and certain relations to the 





Mie: W-owpelariatie Histsode.. The pam tubes (a) contain sulphate 
of scsolutien (s.), into which well amalgamated sine rode ip, ‘The 
lower extremity ix plugged with china clay (cb.c), which 
fat (¢) the point. ‘Tho tuber can be moved in the holders (RA), no ax 
to be brought accurately into contact with the muscle. (Foster:) 


vitality of the tise, As they seem to be invariably present in a 
passive muscle they have been called natural muscle currents, 

They are generally studied in the muscles of cold-blooded animals 
after removal from the body, The muscle is spoken of as if it were 
a cylinder with longitudinal and transverse surfaces corresponding 
to its natural surface and its cut extremities. fn ead, a Woe ot 


frog's muscle the measurement of the clectric currents et A 
BB 
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siderable care, because they are so diffienlt to detect that a most 
sensitive galvanometer must be used ; and such an instrament can 
easily be disturbed by currents due to bringing metal electrodes 
into contact with the moist suline tissues. Specially constructed 
electrodes must be used to avoid these currents of polarisation taking 
place in the terminals touching the muscle. These are called won— 
polarisable electrodes, and may be made on the following plan :— 
Some innocuous material moistenod in saline solution (05 per cent.) 
is brought into direct contact with the muscle, and, hy means of 
saturated solution of zine sulphate, into electrical connection with 
amalgamated zine terminals from the galvanometer, ‘Thus the muscle 
is not injured, and the zine solution prevents the metal terminals 
from producing adventitious currents, 

Small glass tubes drawn to a point, the opening of which i 
plugged with moist china clay, make a suitable receptacle for the 
winc solution, or, instend of the china clay, a camel-hair brash set im 
plaster of Paris may be used to keep the #inc solution in the tabe, 
and the hair moistened in salt solution forms a suitable point of 
contact with the muscle. Ifa pair of such electrodes be applict to the 
mniddle of the longitudinal surface at (e) (Ag. 182), and ef the trans- 
verse surface at (p) respectively, and then be brought into conteetion 
with a delicate galvanometer, it is found that a current passow tharngty 
the galvanometer from the longitudinal to the transverse surface. A. 
current in this direction can be detected in any piece of muscle, ne 
swatter how much it be divided longitudinally, and probably wouht 
he found in a single fibre had we the means of examining it ‘The 
nearer to the centre of the longittidinal and transverse sections the 
electrodes are placed, the stronger will be the current regeiwed Dy 
them. If both the electrodes be placot on the longituilieal or de 
the tronaverse surfaces a current will pass through the galyanomveter 
from that ¢lectrode nearer the middle of the longitudinal svetion 
(callod the equator of the muscle cylinder) to the oltetrode nearer the 
centre of the trunaverse section (pole of muscle oylinder), If the 
electrodes be placed njuidistant from the poles or from the equntorne 
‘current can be detected. 

‘The central part of the longitudinal surface of a of muscle fe 
then positive, compared with the central part of the extremities ar 
tminaverte goctions, And between these parts, the equator und poles 
of tho muscle cylinder, where the difference is most mmrked, are 


varions gradations, #0 that any point near the equator is positive: 
when compared with one near the poles, __- 


‘There is, then, a current passing through the substance of the 
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piece of muscle from both the tmneverse sections or extremities of 
the muscle block to the middle of the longitudinal surface, whether 
it be a cut surface (longitudinal section) or the natural surface of 
the muscle. This is called the muscle current, or sometimes natural 
muscle current. 

If the cylinder in the accompanying figure be taken to represent 
a block of muscle, ¢ would correspond to the equator, and p to the 








Fig. 152.—Diagram to illustrate the currents ia muse 
(4) Equator, corresponds to the centre of the murolo, 
(») Polar regions of cylinder representing the extremities of the muscle, 
‘The arrow heads show the direction of the surface currents,and the thickness of lines 
indicates the strength of the ourrents, (After Pick.) 





poles, and the arrowheads show the direction of the currents passing 
through the galvanometer, the thickness of the lines indicating their 
force, The dotted lines o are connected with points where the 
ectro-motive force is equal, and therefore no current exists. 
The electro-motive force of the muscle-current in a frog's gra 
has been estimated to be about 05—08 of a Daniell cell. It gradually 
<liminishes as the mnscle loses its vital properties, and is also reduced 
by fatigue. The electromotive force rises with the temperature from 
5° C, until a maximum is reached at about the body temperature of 
mammala, 

These muscle-currents ate very weak if the uninjured muscle be 
examined in situ, the tendon being used as the transverse section ; they 
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soon become more marked after the exposure of the murele, and if 
the tendon be injured they appear at once in almost fall force. Tie 
animals quite inactive from cold the muscles naturally are butelowly 
altered hy exposure, &c., and the musele-currents do not appear for 
aconsiderable time, which is shortened on elevating the pay 
It has, therefore, been supposed that in the 

of a living animal there are no ee eae 
remains in the passive state, 


Active State or Muscur. 


A muscle is capable of changing from the passive elongated con- 
dition, the properties of which haye just been described, into a state 
of contraction or activity. Besides the change in form, obvious in 
the contracted state of the muscle, its chemical, sa electric, ant 
thermic properties are altered. The capability of passing into this 
active condition is spoken of ax the irritability of muscle, This is 
directly dependent upon its chemical condition, und therefore related 
to its nutrition and to the acai of iy Seay iy Tae 
it will hereafter appear, changes its chemical state, 

Under onlinary circumstances, during life, the muscles change 
from the passive state into that of contraction in response to certain 
impulses communicated to them by nerves, whieh carry : 
from the brain ov spinal cond to the skeletal muscles. The influence 
of the will is, then, the common stimulus which excites most skeletal 
ramscles to action. But we find that there are many other influencor 
which, when applied to muscle, can also bring abont the ume 
change. These influences are called stinundi, 

We commonly utilise the nerve belonging toa muscle in onlerto— 
throw it into the contracted state, but the great majority of T 
can bring abont the change when applied to the musele cfs 
Since the nerves branch in the substance of the muscle, and 
distributed to the individual fibres, it might, as has been 
be the stimulation of the terminal nerve ramifications that 1 
about the contraction, even when the stimalus la applied to th 
minscle directly, for the nerves of course would be affected. 
stimalus applied to tho moscle, That muscles can be ati 
withont the intervention of nerves is satisfactorily proved iy 
following fats :—1. Some parts of muscles, such as the 
of the sartorins, and many muscular structures which have 

terminals in them, respond eneryetically to all kinds 
stimuli, 2. There are some subetances whidh wah ey aah 
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applied directly to muscle, but have no such effect upon nerves, viz, 
ammonia, 3, For some time after the nerve has ceased to react, on 
account of its dying after removal from the body, the attached muscle 
will be found quite irritable if directly stimulated. 4. The arrow= 
poison, Curara, has the extmondinary effect of paralysing the nerve 
terminals, 60 that the strongest stimulation of the nerve calls forth 
no muscle contraction. If the muscles in an animal under the 
influence of this poison be stimulated directly, they reapond with a 
contraction, 

This separation of muscles from nerves would appear mther 
artificial, and antagonistic to the teachings of the development of 
these tissues, both in the ascending scale of the animal kingdom and 
in the individual, 


Mevene-Stinont 

The circumstances which call forth muscle contraction may be 
enumerated thas :— 

1, Mechanical Stimwlation.—Any sudden blow, pinch, &c., of a 
living musele causes a momentary contraction, which mpidly passes 
off when the irritation is removed. 

2. Thermic Stinulation.—If a frog’s muscle he warmed to over 
30° ©. it will begin to contract, and hefore it reaches 40° C. the 
muscle will pass into a condition known as heat rigor, which will be 
mentioned presently. If the temperature of a muscle be reduced 
Lelow O°C, it shortens before it becomes frozen, 

3. Chemical Stimulation-A number of chemical compounds also 
act as stimuli when they are applied to the transverse section of 
a divided muscle, Among these may be named—(1) the mineral 
acids (HCI, +) per cent.) and many onganic acids ; (2) salts of iron, 
zing, silver, copper, and lead ; (3) the neutral salts of the alkalies of a 
certain strength ; (4) weak glycerine and weak lactic acid, which 
only exeite nerves when concentrated ; (5) bile also is suid to stimulate 
muscle in much weaker solutions than it will nerve fibres. 

4.—Electric Stimulation.—Electricity is the most convenient form 
of stimulation, because we can accurately regulate the force of the 
stimulus, The occurrence of any variation in the intensity of an 
electric current passing through a muscle causes it to contret, The 
sudden increase or decrease in the strength of a current acts as a 
stimulus, but a current of exactly even intensity may be made to 
pass through a muscle without exciting any contraction, The 
common method employed is that of opening or clorimg, w ceeds ch 
which the muscle forms a part, 80 8 to make or Wyreak the caren, 








376 MANUAL OF PHYSIOLOGY. 


and thus a variation of intensity, equal to the entire etrength of the 
current used, takes place in the muscle, and acts as a stimulus, 

‘The irritability of muscle substance is not so great as that of the 
motor nerves, thatia to say, a slight stimulus will make the muscle 





Fig. 18, —Du Bole Steymond's Indostoriuin with Magnetic Intorrugeer, 


¢ Primary coil through which the primary, (edwesy, current pases, om ite way 
through the electromagnet |). 

(. Secondary coil, which can be moved nearer to or further free the enll 
‘hencby alowing a stronger or weaker vormeat to be huliced init. "Tue temaat 
current i the atimulating anc. 


6, Electro-nagnet, which on recoiving the current breaks the contact in the olreust cf thse 
primary cull by pulling down the fron hammer (4), nd sepaswtiings the epeting fries 
the mcrew of % When it beings tho «pring in contact with Ue palit off te 
Pillar (0), & also demagnetians iteolf by “ short-circulting ™ the battery, 


‘When tetanus is to be pruducol, tho wires fro the Uaitery aie th be eommmoctent 
with g amd a, 

‘When a ingle contraction is reir the magnetic interrupter le eat out by fig 
tho wire fruma a to the inding sezew to the right af /. 


contract when appliod to its nerve, while the same atimalus will 
have no effeet if applied to the muscle directly, In experi 
on the contraction of musole, aa already stated, the intervention of 
the nerve is commonly weed, the stimulus, by means of an dlectre 
current applicd to the nerve, being more conveniently and completely: 
distributed to the musele than when applied direetly, 
The current of a battery may be used to stimulate @ muscles tat 
an induced carrent is nire commonly emyloyeh oa weet eff the 


il 








CHEMICAL CHANGES DURING CONTRACTION, 377 


greater efficacy of ite action. The instrument in ordinary we in 
physiological laboratories ix Du Bois-Reymond’s inductorium, in 
which the strength of the stimulus can be reduced by removal of the 
secondary coil, and which is supplied with a magnetic interrupter, by 
means of which repeated stimuli may be given. (See Fig. 183.) 


Cuaxcrs ocevrrixa ix Musern on rms ENTEMxG ‘THR ACTIVE 
Strate. 


Changes in Struclure.—The examination of muscle with the micro- 
scope during its contraction is attended with considerable difficulty, 
and in the higher animals has not lod to satisfactory results, In the 
muscles of insects, where the differentiation of the contractile sub- 
stance ia more complicated, certain changes can be observed. The 
fibres, and even the fibrillm within them, can easily enough be 
seen to undergo changes in form corresponding to those of the 
entire muscle, namely, increase in thickness and dimination in 
length. A change in the position and relative sixe of the singly and 
doubly refmeting portions of the muscle element has been described, 
and some authors state that the latter increases at the expense of the 
former after an intermediate period in which the two substances 
seem fused together, 

Chemical Changea—During the contracted condition the chemical 
changes which go on in passive muscle are intensified, and certain 
new chemical decompositions arise of which, however, uot much is 
known, 

Active muscle takes up more oxygen than muscle at rest, as is 
shown by the facts that, during active muscular exercise, more 
oxyyen enters the body by respiration, and the blood leaving active 
mutseles is poorer in oxygen than when thesame muscles are passive. 
‘This absorption of oxygen cannot be detected in a muscle eut out of 
the body, nor is any supply of oxygen necessary for a contraction of 
euch amusele, since a frog's muscle will contract in an atmosphere 
containing no oxygen. From this it would appear that a certain 
ready store of oxygen must exist.in some chemical constituent of the 
anuscle substance, andvit ia possible that come chemical compound, 
which is constantly renewed by the blood existing in the muscle, is ite 
normal source of oxygen, and not the oxy-hwmoglobin of the blood. 

‘The amount of CO, given off by a nvuscle increases in ite state of 
activity, at may be seen by the greater elimination from the bung 
during active muscular exercise, and by Une fact Chak Yoo Sensis 
Dlood of a imb, when the muscles are contracted, cowtains WSs 
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CO, than when they are relaxed, The increase of CO, can also be 
detected in a muscle removed from the body and kept in a state of 
contraction, Moreover, this increase in the formation of CO, ina 
muscle takes place whether there is a new supply of oxygen given to 
it or not, and the quantity of CO, given off always excends 
the quantity of oxygen thatis used up, So that itianot exclusively if 
at all from the newly-aupplied oxygen that the 

Muscle tissue, when passive, is neutral or faintly alkaline ; 
contraction, however, it becomes distinctly acid. The litmus 
it changes from blue to red is permanently altered, and we can, 
therefore, conclude that CO, is not the only acid that makes ite 
pearance. The other acid is sarcolactic acid, which is poker a 
preent in muscle after prolonged contraction, and varies in amount 
in proportion to the degree of activity the muscle hus undergone. Tk 
therefore varies directly with the CO,, which would scem to suggest 
a relationship between the origin of the two acids. 

‘The amount of glycogen and grape sugar is said to diminish in 
muscle during its activity, and itis stated that sarcclactic acid Gan ber 
produced from these carbo-hydrates by the action of certain ferments, 

Active muscle contains more substances that can be extracted by 
alcohol and less that are soluble in water than passive musclo, 

‘The chemical changes which take place during muscle contraction 
are probably the result of « decomposition of some carbo-hydrates, im 
which the albuminous substances do not take any part that requiret 
their own destruction. This seems supported by the fixet that the 
increased gas exchange in muscle during active exercise can be reeng- 
nised in a correspomling change in the gas exchange in pulmonary 
respiration ; and, moreover, there seems no relation between 
nyuscular labour and the amount of nitrogenous waste, ax Perse 
Dy the urea elitnination, which one would expect if musenlar getivi- 
tics wore the outcome of a decomposition of the nitrogenots (albu- 
minous) parts of the muscle substance. - 

‘Tho chemical changes which are commonly said to take place in i 
muscle during its contraction are :— See 

1. The contractile substance, which is nermally nentral or 
alkaline, becomes acid in reaction owing to the formation 
lactic acid. 

2. Mory oxygen is taken up from the Mood than in the 
Test. ‘This using up of oxygen occurs also in the isolated my 
ani its amotnt appears to be independent of the blood 

3% The extmetives aoluble in water decrease, those 
alcohol ineruase, 
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4. A greater amount of CO, is given off, both in the isolated muacle 
ag well as in the muscles in the body, and the change in the quantity 
of CO, has no exact relation to that of the oxygen uced. 

5, A diminution is wid to occur in the contained glycogen, and 
certainly prolonged inactivity causes an increase in the amount of 
glycogen. 

6. A peculiar muscle-sugar makes its appearance, 

Change in Elasticity—The elasticity of a muscle during its state 
of contraction is lees than when it is in the passive state, That is 
to say, that a given weight will extend the same muscle more if 
attached to it while contracted (as in tetanus) than when it is relaxed. 
‘The contracted muscle is then more extensible. If, then, a weight 
which is just overthe maximum lond the muscle can lift, be hung 
from it and the muscle then stimulated, it should become extended, 
because the change to the active state lessens its elastic power, while 
it cannot contmet, being over-weighted, 

Blectrical Chonges—If a» muscle, in connection with a galvano- 
meter so a8 to show the natural current, be stimulated by means of the 











Fig. 11,—Diagram illustrating the arrangement in the Rheoscopte Frog. 


A=otimulotieg limb, watimutated mb, ‘The current from the electrodes passes into 
nero (x) of Tim (4), causing ite gastrocnemius tocontract, Where= 
‘upon the negative variation of the natural current between + and ~ stimulates 
the nerve (¥"), nnd exeites tho muscles of 1 to netion. 


nerves, a marked change occurs in the current, The galvanometric 
needle swings towards zero, showing that the current is weakened 

or destroyed, This ix called the negative variation of the worl 
current which initiates the change to the active coniition. Ween 
the muscle receives but & momentary stimulus so 98 ony to BSS S 
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single contraction, this negative variation takes place in the current, 
nt, owing to ite extremely short duration, the galvanometric 

is prevented by its inertia from following the 

anost sensitive and well-regulated instruments show the 
change of a single contraction, but when the muscle is kept 
tracted Ly a series of rapidly repented stimulations then the it 

of the needle is readily overcome, The negative variation of a 
contraction can, however, be easily shown on the sensitive prin) 


exactly all the variations of the stimulator, and is kept oomtrncted me 
long as the other is contracted, and, ax we shall see 4 
continued contraction can only be brought about by a mpidly re 
peated series of stimulations, eo that the electric condition of he 
stimulating muscle must undergo a weries of variations 

If am isolated part of a muscle be stimulated the contraction 
yases from that paint as a wave to the remainder of the mmsthe 
‘This contraction wave is preceded by a wave of negative variatien 
which passes along the muscle at the rate of 3 metres per second 
(the same rate as the contraction wave, see under), lusting at any one 
point 003 of a second, so that the negative variation iv over 
the contraction begins, for the muscle requires a certain time, called 
the latent period, before it commences to contmet, 

‘The origin of the electric currents of muscle will be discumsed vi ) 
nerve-currents, to which the reader is referred (p. 421). %s 

Temperature Change,—Long since it was observed in the 
subject that the temperature of muscles rose during their 
a frogs’ muscle a contraction lasting 3 minutes caused an ele 

of 18°C. And a single contruction is said to produce a rian: 
from “001° to 005" C,, according to circumstances, 

‘The production of heat is in proportion to che ‘tensleical 
cvoenlaa ol the Balt of tho feo to which Wt shed) ted ‘ite rome 

een carefully eeparsted from other parte and removed from the beady, 
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muscle, When the muscles are prevented from shortening a greater 
amountof heat is said to be produced. 

The amount of heat has also a definite relation to the work per- 
formed. Up toacertain point the greater the load a musele has to 
move, the greater the heat produced ; when this maximum is reached 
any further increase of the weight canses a falling off in the heat pro- 
duction. Repeated single contractions are said to produce more heat 
than tetanus kept up for a corresponding time. 

‘The fatigue which follows prolonged activity is accompanied hy a 
diminution in the temperature elevation, 


Musere Coxrractioy. 


Change n form.—The most obvious change a muscle undergoes in 
passing into the active state is its alteration in shape. It becomes 
ahorterand thicker. The actual amount of shortening varies acconling 
to circumstances, (a) A muscle on the stretch when stimulated 
will shorten more in proportion than one whose clasticity is not 
called into play before contraction, so thata weighted muscle shortens 
more thin an unweighted one with the same stimulas. (6) The fresher 
and more irritable a muscle is, the shorter it will become in response to 
a given stimulus ; and, conversely, a muscle which has been some time 
removed from the body, or is fatigued by prolonged activity, will 
contract proportionately less, (¢) Within certain limits, the stronger 
the stimulus applied the shorter a muscle will become. (if) A 
warm temperature augments the amount of shortening, the amount 
of contrction of frogs’ muscles increasing up to 33°C. A perfectly 
active frog’s muscle shortens to about half its normal length, If 
much stretched and stimulated with a strong current it may contmet 
nearly to one fourth ef its length when extended. Muscles are seldom 
made up of perfectly parallel fibres, the direction and arrangement 
varying much in different muscles’ The more parallel to the long 
axis of the muscle the fibres ran, the more will the given muscle be 
alle to shorten in proportion to its length. 

‘Thethickness of a muscle increases in proportion to its shortening 
during contraction, so that there is but little change in bulk. It is 
said, however, to diminish slightly in volume, becoming less than yhyth 
smaller, This can be shown by making a muscle contract in a bottle 
filled with weak salt solution #0 as to exclude all air and to communi- 
cate with the atmosphere only by u capillary tube into which the salt 
solution rises, The slightest decrease in bulk is then shown by the 
fall of the thin column of fluid in the tube. 

Since a muscle loses in elastic force and gains but little in density 
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uring contraction the hardness which is communicated to the touch 
depends on the difference of tension of the semi-fluid contractile 
substance within the muscle sheath, 


Tse Graraic Mernop or Recorprsa Muscre Coxtmaction, 


In order to study the details of the contraction of muscle, the 
graphic method of recording the motion is applied, apt aes 

drawn on an ordinary cylinder moving sufficiently mpidly, 
accurate time measurements are niquired it is better to uae one of the 
many special forms of instruments, called myographa, made for the 
purpose, The principle of all these instrnments is the aatae 5 
an electric current, which passes through the nerve of frog's m 
connected with the marking lever, is broken by some 
while the surface is in motion ; the exact moment of 
contact can be accurately marked off on the reeonting varface ly the 
lever which draws the muscle curve before the instrument is set in 
motion. The rate of motion ie registered by # curve drawn by a 
tuning fork of known mite of vibration. 

In onler that the muscle-nerve preparation may not be injured Lye 
the tissues becoming too dry, it is placed in a small glass box, the alr 
of which is kept moist by a damp sponge. This moist chamber is temo 
when any living tiasue is to be protected from drying. 

‘The first myogrnph used was a complicated instrament devised lyr 

Helmholtz ; in which a smaall glass cylinder is inade to rotate rapidly 
by a heavy weight, and when a certain velocity of rotation is 
4 tooth is thrown out by centrifugal force, which breaks the clroult of 
the current pasting through the nerve of the muscle, The texdom ix 
attached to a balanced lever, at one enil of whieh hangs a rigid style 
pressed by ite own weight against the glass cylinder, When the 
cnit is broken the muscle contracts, raises the lover, andl maker the 
draw on the moked glass cylinder. 
Fick introduced a flat recomling surface moving by the aveing of a 
pendulum, by which the abscissa is made a segment of a elrele, mud 
nota stmight line, and the rate varies, so that the different parte af 
the curve have varying time-valuce. The curves given in the 
following wood-cuta are drawn with the Pendulum Myegespty. 

Du Boir-Reyiwoni sdrawa muscle curves on the smoked surface of x 
emall glass plato contained ino frame, which is shot by the foree af a 
apiral spring along tense wires, and on its way breaks the contuet, 
The trigger weed for releasing the epring sets o tuning fork at the 


sume time vibrating, 
al 
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Sixee Contractios, 


In response to a single instantancous stimulus, such as the making or 
Ineaking of an electric current, a muscle gives a momentary twitch or 
spasta, commonly spoken of as a single contraction, which is of 80 short 
duration, that without the graphic method of recording the motion 
we could not appreciate the phases which are seen on the curve. 





Fig. 185.—Curre drawn by a frog's gustrosnomius on the Pendulum Myograph, below 
is xeon the tuning fork recon] of the time ocoupied by the contraction, Purullel to 
the latter is tho ateciams. Tho little vertical mark at the left shows the moment of 
stimulation, and the distance from this to the beginning of the rise of the ourve 
ives the latent period, which is followed by the ascent and descent of tho lever, 


‘The curve drawn on the reconling surface of a pendulum myogmph, 
hy such a single contraction, is represented in figure 183, The short 
vertical stroke on the abscissa or base line is drawn by touching 
the lever when the muscle is in the uncontracted state, and iniicates 
the time of stimulation, The upper curved line is drawn by the 
lever and during the contraction of the muscle, 

In such a curve the following stages are to be distinguished -— 

1, A short period between the moment of stimulation and that 
at which the lever begins to rise, during which the muscle does 
not move. This is known as the latent period, 1n the skeletal 
muscles of the frog this period lasts about -O1 sec. 

2 A period during which the lever rises, at first «lowly, then more 
quickly, then again slowly, until it ceases to rise, This stage bas 
Leon called the period of rixing energy. Tt lasts about 0-04 soc. 

3. When the highest point is attained the lever commences 
to fall, at firet slowly, then more quickly, and at last slowly. 
There is then no pause at the height of contraction. The stage of re- 
lasing has been called the period of falling energy. It is said tooceupy 
a somewhat longer time than the second period, lasting ahiont 6, vee. 

‘Thus we see that a stimulus occupying an immessurtily thot eae 
sots up a change in the molecular condition, which wkiag, Sess 
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J see. to ran its course, and reauiring yfy sec. before it exhibits any 

change of form, then in fj sec. attaining the maximam height of 

contniction, and without waiting in the contracted coniition, spends 
sec. in relaxing. 

‘The latent period which appears in a single contraction euree drawn 
by a muscle stimulated in the usual way, through the medium of a 
nerve, is not entirely occupied by preparatory changes going on in the 
substance of the muscle, but a certain part of the time recorded as 
latent periud corresponds to the time required for the transmission 
of the impulse along the nerve. ‘This may be shown by 
tirst the far ond of the nerve and then the muscle itself. In thix 
cass two curves will be drawn having diferent latent periods, that 
obtained ly direct stimulation of the muscle being shorter, amt 
representing the real latent period of the nmuscle, while the longer 
one includes the tine taken by the impulse to tryel along the piece 
of nerve between the electrodes and the muscle (see p, 420). 

The latent period varies much in differont kinds of musele in the 
same kind of muscle of different animals, and in the same individual 
mascle under different conditions As a rule the slow-contracting 
manseles have a longer latent period. Thus the non-strinted slow 
contracting muscles found in the hollow viscera bave a latéat 
of some seconds, The striated muscles of eold-WMooded animals have 
a longer latency than the same kind of muscle in birds and muamunenlie. 
‘The same gastrocnemius of a frog has @ shorter latent period when 
strongly «timulated, or when its temperature is raised, aud eier eran, 








Fig. 156.-Curvos divn by tho mmo muscle in diftercet stages of ative, whee 
y ‘cowh immediately after the umscte had coutrwete 900 Rane. 
Showing that fatigue causes a lor 





Jong contraction. 


‘The latent period is considerably lengthened by fatigue, Tf the 
weight be so applied that it does not extend the musole before con 
traction, but only bears on it the instant it commences to sorter, the 
duration of the Intent period increases in proportion to the weight 
the muscle has to Tift 


The duration of the angle contretion of state muscle wares fp 
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different cases and under varying circumstances, The 
difference is reached by the muscles found in different kinds of 
animals. The contraction of some kinds of muscle tissue (non- 
atriated muscle of mollusca, for example) oceupies several minutes, and 
reminds one of the slow movement of protoplasm ; while the rapid 
action of the muscle of the wing of a horsefly occurs 330 times a 
second. Various gradations between these extremes in the mpidity of 
muscle contraction may be found in the contractile tissues of different: 
animals. The following table gives the rate of contruction of same 
insects’ muscles, which may help to show the extent of these varia~ 
dona, 


Horselly  . —. 330 contmetions per second. 
BOB oe say eet SOL gy fr 
Want a. bee ‘ 
Dmgonfly . . 8 4» oy 
Butterfly A ‘ 9 o » 


Among the vertebrata the duration of the contraction of the skeletal 
muscles varies considerably according to the habits of the animal. 
‘The limb muscles of the tortoise and toad take a very long time to 
finish their contraction ; other muscles of the same animals act more 
quickly, but do not attain the rapidity of contraction of the skeletal 
muscles of warm-blooded animals. 





Fig. 167.—Six curves drawn by the ame musclo whin stretched by different weights 
Showing that as the weight is Increused the latency becomes longer and the con— 
traction less is height and duration, 


The duration of a single contraction of the same muscle is alo 
capable of considerable variation. It seems to he lengthened by any- 
thing that leada to an accumulation of the chemical products which 
arise from muscle activity. Hence fatigue or over-tivadation canes. 
a slow contraction (Fig, 166). 

os 
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188,—Curves drawn by the same musele wt differ 
with clevation of temperature the latency and 
(The muscle had been previously eo 





nt temperatures. Showing thet 
contraction becouse aborter 








Moderate increase of temperature greatly shortens the tim 
hy the single cont any 
a state of continued contraction 





apie 
cn muscle, Excessive lieat eatuses 





uction ol 





Fig. 138.—Curnee dtrawn by tho samo muscto while being cooled. Showin thet the 
latency and the coutraction become Longer as the tempemature be rdwewl, 





‘The reduction of temperature can 
slowly, amd, when extreme, the mus 
the stitanlus is removed. 


es O muscle to Contmes more 
jo remains contracted long after 








Wave of Contraction.—If one extrem! 
lated without the aid of th 
a curarised anim 


of a long muscle be stimu. 
nerve (it is best to employ a masele Grom 
, the contractior sea along the muscle from the 
point of stimulation in a wave which travels at a definite rate of 
3—4 metres per sec. in a frog, and 4—5 metres per see. in & marmmal 
Reduction of temperate and fading of vital activity cause the 
velocity of the wave to be lessened, until finally the thee oases 
raction occurs, sever stimmules 

















to conduct; then only a local ce 
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causing simply an elevation at the point of contact. This seems 
analogous to the idio-muscular contraction, which marks the seat 
of severe mechanical stimulation after the general contraction has 
ended, 


Maxmrva Coxtascrios, 


‘The extent to which a muscle will contract depends upon the 
conditions in which it is placed, and varies, as we have seen, with the 
load, its irritability, the temperature, and the force of the sthnulus. 
‘A fresh muscle then, at the onlinary temperature with a medium 
load, contract more and more as the intensity of the current 
employed increases, There is a limit to this increase, and with com- 
paratively weak stimulation, an effect is produced which cannot bo 
surpassed by the same muscle, no matter what stimulus be applied. 
This greatest contraction is the same for all medium stimuli while 
the muscle is fresh, and is called the maximum contraction, being the 
greatest shortening which can be produced by a single instantancous 
atimulua. 








Fig. 100. —Pendulum myogruph tracings showing aummaGon, 

1. Curve of maximum contruction drawn by first stimulus, the exact time of applicn- 
tian of which is shown by the arnall up-stroke of tho left hand of the bese tino 

2, Maximum contraction resulting from second simple stimulation given at the 
motuent indicated by the other small up-wtrolee, 

4, Curve drawn na the rownlt of double stimulation sent in at wn interval indicate? 
by the distance between the up-strokes, showing summation of stimulus ant 
consequent increase in contraction over the * maximum contraction.” 


Summation.—Each time a muscle receives an induction shock of 
medium strength it contracts to its maximum. Ifa second shock be 
given while the musele is in the contracted state, a new maximum con~ 
traction is added to the extent of the contraction the muscle was in at 
the moment of the second stimulation, and if atimulated when the 
lever is at the apex of the curve the sum of the effect produced will 
be equal to two maximum contractions. 

If applied in the middle of the period of the ascent or deacent of 

ost 
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the lever a second stimulation gives rise to 1} maximum contractions, 
and eo on, in various parts of the curve,a new maximum curve ix 
prodacel, arising from the point at which the lever is when the 
second stimulus is applied (Fig. 190). 

During the latent period a second stimulation produces less marked 
effect, and is difficult to demonstrate, but if the seoond u 
come after an interval of more than gh; sec., summation . 
appreciated. 

‘This summation of effect also takes place when the 
insufficient to produce a maximum contraction, the 
stimuli give rise to the same extent of contraction of the 
tially contracted muscle, as if it were at its normal length at the 
of the second stimulation, The following (Fige 
show the effects of repeated stimulations applied at ae 
periods indicated by the numbers on the abscissa line. 







Teraxce, 


If n series of stimuli be applied one after the 
equal to about half the duration of a single conts 


between the stimuli it cannot relax, so it remains co 
nently as long as the stimulus is continued, the various 
tions caused by the repeated shock all being fased to 
but if the interval be more than half the time ceeupied 
traction then the line drawn by the lever will show f 
the apices of the fused single contractions (Figs. 102 and 
This condition of continuous summation of © 
tetanus, and in all probability is not only the 
only kind of musenlar motion that can be produced by the 
the nerves in obedience to the will All the actions of om 
Touseles are then made up of the fusion of many single 
into tetanus, and such motions as appear too quick pach 
are accomplished by the interposition, at a certain moment, 
action of an antagonistic muscle which stops the movement) andl 
makes the act extremely rapid. 
With from twenty a second to upwards of many 
duced shocks one can produce tetanus in a frog's muscle, 


TETANUS, 389 


limit of this range ia probably about the number of impulses commu- 
nicated to human muscles by their nerves, since the tone produced 
by contracting muscle corresponds to the first overtone of a primary 
note produced by 19% vibrations in a second, The number of 


Fig. 191,—Curve of totanns resulting trom 30 stimulations per second, drawn on 
drum rotating slowly compared with the motion of the Pendulum Myograph. 
‘Tho stimulation commences at 30," and ceases fust before the lever begins to 
fall. af tho individual contmotions of which the tetanus is composed 
can be recognised. 


Fig. 192.—Curve of tetanus composed of imperfectly fused contractions rorulting from 
12stimulations per second. The serrations on the left of the curve indicate the 
individual contznctions, 


Pig. 196.—Tetanus produced by $ stimulations per second. 
oct fusion uf tho single own towanls the end of the curre 

















The more 





stimuli required varies with the rate of contraction of the muscle 
employed, the quick contmeting bird's muscle requiring 70 per 
cond, while the exceptionally slow-moving tortoise muscle only 
requires 3 per second. According to some, there is a limit to the 
number of stimuli which will cause tetanus, 360 per accond is named 
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as the maximum for a certain strength of stimulus; with stronger 
stimuli, even when more frequent, tetanus occurs. Tt has heen shown 
that many thousand stimuli per eecond can canse tetanus even with 
very weak currents. If tetanus be kept up for some seconds, and 
the stimulation be then suddenly stopped, the lever falls rapidly for 
a certain distance, but the muscle does not quite return to its 

length for eome few seconde, This residue contraction is 
overcome by any substantial load. If kept ina state of tetas 
weak stimulation, after some time the =e 
from fatigue, at ‘first rapidly, then more slowly ; this 
the tetanic contraction may be prevented by increasing the + 







Mcscte Tox, 


Althongh the tracing drawn by a lever attached to a muscle 
in tetanus ix straight, and does not show any variation in the 
tension of the tetanised muscle, some variation in tension must 
since a low humming sound is produced daring contrmetion. — 
muscle-tone can be heard by applying the eat Sealy 
muscle (biceps) while in tetanus, or by throwing the 
to the Eustachean tube into action, ag in ewallowing, oF during 
of the muscles in mastication. 

‘The number of vibrations of the musele-tound has been — 
to be frem 18—.20 for the human skeletal muscles, This 
vibrutions, however, does not produce any audible note ; Lede 
been supposed that the note we henr in really the first overtone, 
the fundamental tone, When a muscle is thrown into tet 
current interrupted by a tuning fork, a tone is sakl to be 
which corresponds to the number of vibrations of the 
causes the interruption in the current, and thus regulates 
of stimulations which the muscle receives, If, however, 
of the muscle be trought about by stimulating the sp 
the same apparatus for making and breaking the current, then the 
normal muscle-tone is produced, just as if the contraction was the 
result of a nerve impulse coming from the brain, 4 
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‘The life of the muscle tissue of mammalian animala 
dependent upon a good sapyly of wurrition, ond iC ite blood 
be completely cut off by ony muean Cor 8 \enets ct Sia WO Ves a 


ib 









FATIGUE. 391 


power of contracting. While the muscle remains in the body, and is 
therefore kept warm and moist by the juices in the tissues, it will live 
avery considerable time without any blood flowing through it, and it 
at once regains its coutructility when the blood stream is again allowed 
to flow through its vessels. This is seen when the circulation of a 
limb is brought to a standstill by means of a tourniquet or a tightly 
applied bandage. When removed from the body, a mammalian muscle 
soon ceases to be irritable and dies, butits functional activity may he 
renewed by passing an artificial stream of arterial blood through its 
veesels, ond an isolated muscle may thus be mare to contract 
repeatedly for a considerable time, 

On the other hand, the muscle of a cold-blooded animal will remain 
alive for a long time—many hours—if kept cool and moist, When its 
functional activity is about to fade, it may be revived by means of 
‘on artificial stream of blood being canted to flow through its vessels, 
just as in the case of the mammalian inuscle, 

Common experience teaches us that even when well supplied with 
blood our own muscles become fatigued after very prolonged exertion, 
and are incapable of further action. This occurs all the more rapidly 
when anything interferes with the flow of blood through them, such 
as when we usc our arms in an elevated poeition ; the simple operation 
of driving in a screw overhead is soon followed by pain and fatigue in 
the museles of the forearm, though the «ame amount of foree could be 
exerted when the arms are in a dependent posture without the least 
feeling of fatigue. 

‘The difficulties of experimenting with the muscles of mammals 
make the frog-muscle the common material for investigation, and 
from it we learn the following facts :— 

When removed from the body and deprived of its blood mupply, 
the muscle of a cold-blooded animal slowly dies from want of nutri- 
tion. However, if it be placed under favourable cirenmstances, and 
allowed perfect rest, it may live twenty-four hours, If it be 
frequently excited to action, on the other hand, it mpidly loses its 
irritability, becoming in fact fatigued, 

From a muscle removed from a recently killed animal, we learn, 
moreover that even without any blood supply the muscle-tiseue is 
capable of recovering from very well-marked fatigue, if it be allowed 
to rest for a little time, 8 that the muscle has in itself the material 
requisite for its reeuperation. 

‘The first question then is, what causes the loss of irritability wWhisia, 
we call fatigue? And the second is, by what means \s Nae wos. 
enabled to return to a state of functional activity? Weaoe Don 


| 
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the mere life of a tissue must be accompanied by certain chemical 
changes which require (1) a supply of fresh material, and (2) the 
remoyal of certain substances which are the outcome of the tissue- 
change. In the case of muscle this chemical interchange is 

Dut slowly going on between the contractile substance and the blood. 
When the muscle contracts much more active, and probably different, 
changes go on in the contractile substance, more new material 
required, and more effete matter being produced. It is probable 
that the accumulation of these offete matters is the more iny 

cause of the loss of irritability in a muscle, for a frog’s muscle when 
quite fatigued may be rendered active again by washing out ita blood 
vessels with a stream of salt solution of the same density as the 
serum (’6 per cent, NaCl), and thus removing the injurious “ fatigue- 
stuffs,” as they have been called, We know also that a very minnte 
quantity of lactic acid injected into the vessels of a muscle destroys 
its irritability, and brings it to a state resembling intense fatigue. 
Of the new material required for the sustentation of muscle irrita- 
Dility we know that oxygen is amongst the most important, thongh 
its supply is not absolutely necessary for the recuperation of a 
partially exhausted, isolated frog’s muscle. 

‘The slow recovery of a bloodless muscle froma fatigue may be 
explained by supposing time to be necessary for the reconstruction of 
new contractile material, and probably also for a secondary change 
to take place in the effete materials by which they become less 
injurious. 

When working actively, then, it is olwious that the muscles 
an adequate supply of good arterial blood in order to ward. olf 
exhaustion ; and, as already explained in of the vasoniotor 
influences, 4 muscle does in reality receive greater supply of 
Blood when actively contracting than when in the passive state, 

‘Tho irritability of a muscle and tho mate at which it become: 


exhausted may be said to depend upon :— ‘ 

1, The adequacy of its blood supply: the better the ot 
new material anil the more quickly the injurious effete are 
removed, the more work a muscle can do without becoming ex- 
hausted, 


2% Temperature has a marked effect on the ixritability me well 
as form of contraction of muscles. Very low temperatures —, 
proaching zero C.—liminish the irritability of a musde, but 
scem to tend towanls more mpid exhaustion, High temperatures: 
—approaching 30° C.—inorcase the irvitability, and at the sume be 

smpidly bring about fatigue. At shout 33° C. an psatady sane 
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begins to pass into heat tetanus, and soon loses its irritability for 
ever. 

3. Functional activity ia accompanied by an increased blood- 
supply, and a more perfect nutrition of the muscles, and hence use is 
advantageous for their growth and power ; while, on the other hand, 
continued and prolonged inactivity causes a lowering of the nutrition 
and loas of irritability. Thus when the nerves supplying the voluntary 
muscles are injured, there is considerable danger of atrophy and tiasue- 
degeneration of the muscles; the contractile substance becomes 
replaced by fat granules. This degeneration also occurs in the stump 
when a limb is amputated, the distal attachments of the muscles 
having been cut, they atrophy ; for, although their nervous supply 
is uninjured they cannot act, and after some time muscle tissue 
can hardly be recognised in them. 


Deara Rroor, 


‘The death of muscle tissue is preceded by, and associated with, a set 
of changes which are a kind of exaggeration of those observed in its 
active state, The most obvious phenomenon is an unyielding con- 
traction, which causes the stiffening of the body after syetemic 
death. Hence it is called rigor mortiz, The muscles harlen ; lose 
their elasticity, and the tissue is torn if forcibly stretched. When 
isolated, the muscle is seen to be opaque, and ita reaction is found 
to be distinctly acid, A considerable quantity of heat is developed 
during the progress of the rigor. The clectric currents alter in 
direction and finally disappear, 

‘The period at which rigor comes on, a8 well as the time it lnats, 
depend on (a) the state of the muscles themselves, and (}) the cireum- 
stances under which they are placed at the time of death. All influ- 
ences which tend to facilitate the approach of tissue-death also tend 
to induce early and rapidly-terminating rigor, viz, (1.) Prolonged 
activity—as may be shown in a muscle artificially tetanised, or 
may be scen in an animal whose death was preceded by intense 
muscular exertion—causes rigor to appear almost immediately, and 
to terminate rapidly. (2) Within certain limits, a high temperature 
facilitates the production of rigor in dying muscles, and indecd a 
temperature not much exceeding that normal to the tissue induces 
rigor immediately. ‘This form of contraction, which is called /eat- 
rigor, is brought about in mammalian muscles by a temyeraiaxe <i 
about 50° C., and in frogs’ muscles below 40° ©. Mi, aowever. toe 
temperature of a muscle be suddenly raised to the wailing, yaar, KP 
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killed, and the chief phenomena of rigorare prevented from occurring, 
(3.) Freezing postpones the appearance of the changes in the muselet 
upon which rigor depends. (4). Stretching, or any 

excitation which tends to injure or hasten the death of the tisme, 
causes it to pass more mpidly into rigor. (5.) The application of 
‘water and of a number of chemical substances causes muscles 

to pass into a state of rigor similar in all essential respects to that 
which ordinarily follows the death of the tisue. (6.) Any stoppage 
in the blood-current normally flowing through a tauscle, after some 
little time makes it pass into a state of rigidity like rigor mortis, 
but this may be removed by allowing the blood to flow freely egain 
through the muscle. 

It is generally admitted that muscle rigor depends on the eoaga- 
Jation of the muacle plasma, giving rise to myosin and muscle 
serum. This ia in most respects comparable with the coagulation of 
the blood, and also seems to be produced by the action of some 
ferment, of which several have been made out in dead muscle tise 
(compare the par. on chemistry, p. 369). 

‘Most of the phenomena of the process of muscle-rigor remind aa of 
the changes which were noted as occurring in muscle, when it 
from the passive to the active state, Thus the shor of the fibre 
the evolution of heat, and the chemical changes may be said to be 
identical in contraction and rigor mortia, ‘The electrical 
however, very transitory, and are followed by complete loss of elas 
ticity and irritability. Opacity of the tissue accompanies ite Later 
stages. 


‘Thus, while dying, the muscle tissue may be enid to go through « 
weries of events analogous to those which would occur in a 
contraction without any period of recuperation. ‘The iden 
has suggested itself to the minds of physiologists that the netive 
state of muscle depends upon chemical changes which are the initial 
steps in the coagulation of the contractile substance, when the 
muscle is dying. The muscle tissue is supposed to contain a spectal 
Proted of extremely intricate and unstable chemical constitution, 
which, like all plasmata, is constantly undergoing slow molecular 
change, and which if not re-integrated by constant aasinfTetion 
‘would pass into coagulation. Under the influence of stinvull a eom- 
paratively sudden and intense molecular disturbance is 
which produces shortening of the fibres and the same 
changes as precede the coagulation, Before the stage of coagulation: 
appears, however, a chemical re-arrangoment takes qilnee, thu resu 
of which is the re-construction of the unstable complex proteld. i 


- 
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nutriment be withheld, or if the stimulation be too powerful, the 
recovery cannot take place, and we find the muscle passing froma 
state of physiological contraction to one of intense exhaustion, and 
then to coagulation and death. 


UNSTRIATED MUSCLE. 


So far reference has only been made to the skeletal muscles, the 
fibres of which are marked by transverse striations, and whose single 
contraction is extremely rapid and short. The contractile tissues 
which carry on the movements in the various ongans of the body are 
not striated fibres, but,as has been already stated, consist of elongated 
flattened cells with rod-shaped nuclei, They occur generally in the 
form of sheets or layers forming coats for the organs in which they 
lie. Their single contraction is slow and prolonged, and commonly is 
transmitted from one muscle-cell to another as a kind of elaggish 
wave. They are incapable of passing into a tetanic state of contrac- 
tion like striated muscles, 

‘The slowest contraction seems to be that of the little muscle- 
cells in the walls of the blood-vessels, These remain in a state 
of partial contraction, which undergoes a brief and partial rhyth- 
mical relaxation. The most forcible aggregate of unatriated muscle 
elements is met with in the uterus, This organ, which has very 
exceptional motor powers to perform, contracts in somewhat the same 
‘way as the muscles of the blood-vessels, but more quickly, and with 
longer rhythmical intervals of partial relaxation. The muscular wall 
of the intestine and the iris are among the most rapidly contracting 
smooth muscles, 

‘The chemical properties of the smooth muscle are much the same 
as those of striated skeletal muscles, and they pass into a state of 
rigor, while dying, which seems to depend on the same causes 24 
the rigor mortis already described. 








CHAPTER XXVI. 


THE APPLICATION OF SKELETAL MUSCLES, 


‘Tire consideration of the many varietics of muscles, and the varioms 
modes in which they are attached to the bones that they are destinel 
to move, belongs to the department of practical anatomy, and meee 
no mention here, As a general, but by no means universal rule, a 
muscle has one attachment which is fixed, commonly spoken of a 
its origin, and ao second, called its insertion, upon which it acts by 
approximating it to the origin. Muscles mostly pass in a straight 
line between their two attachments, but somotimes they act rourd 
‘an angle by sliding over « pulley, or by means of a small bone im 
the tendon, like the patella. 


they move, When the contruction ceases the bones are drawn tack 
to their former position without any sudden jerk or jar, 

‘The muscles commonly act upon the bones as levers by working 
upon the short arm of the lever, so that more direct force is required 
on the part of a muscle than the weight of the body moved ; but from 
this armngement considerable advantages are gained, viz., that a 
small contraction of the muscle causes an extensive excursion of the 
part moved, and much greater mpidity of motion fs attained. 

All the three orders of levers are met with in the movements of 
the different bones of the skeleton ; often, indeed, all three varieties 
are found in the same joint, as the elbow, where the simple extension 
and flexion motions of the biceps and triceps muscles give ts yood 
examples (Fig. 194). 

‘The first order of lover is used when the triceps is the power, 
draws upon the olecranon, thus moving the hand and 
tho trochlea which acts as the falcrum. ‘This is shown it the tipper 

diagram, in which the haw is tiiking 9 Wow with s Gage 
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The second order comes into play when the hand, resting on a 
point of support, acts as the fulcrum, and the triceps pulling on the 
olecranon is the power which raises the humerus upon which is fixed 
the body or weight (middle diagram). 

‘The third order may be exemplified by the action of the biceps in 
ordinary flexion of the elbow. Here the muscle, which is the power, 
is placed between the fulerum—repre- 
sented by the lower end of the humerus 
—and the weight which ia carried by 
the hand (lower diagram). 

‘The various groups of muscles which 
are so arranged as to assist each other 
when acting together, are called syner- 
getic, and those which when contracting 
at the same time oppose each other, are 


AJ 
ip 
called antagonistic. The same muscles 
may, in different positions of a joint or 
in combination with other different 
muscles, have totally different actions, 
at one time being synergetic and 
at another antagonistic, Thus, the F 
w 
F, 


sterno-mastoid muscle may, in different 
positions of the head, either bend the 
eranium backwards or forwards, and £0 
co-operate with two sets of muscles 
which are definitely antagonistic to one 
another, 


Jos. 


‘The unions between the bones of the 
ekeleton are very varied in function and 
character, They may be classified as :— Pig, 194.—Dingrams showing the 
1, Survres, in which the bones are pr dng b ol ee 
firmly united by rugyed surfaces with- downwarls) illustratet by the 
out the interposition of any cartilage. sstion of the elbow joint. 
They are practically only the lines of 
union of different bones, which grow together to form a single bone, 
2, Syapmrses, in which two bony substances are strongly cemented 
together by ligaments, and a more or Jess thick adherent layer of 
fibro-cartilage, are joints allowing of some movement, which ws, 
however, very limited. 
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angles one to the other. A good example of this kind of joint occurs 
Letween the thumb and one of the wrist bones, 

6. Spiral articulations are modifications of the hinge, in which 

the surface of the roller does not run “true,” but becomes eccentric, 
80 that the surface of the roller forms really a part of a spiral by 
means of which the bone articulating with it is forced away from 
the central axis of rotation and becomes jammed as if stopped by a 
wedge. The best example of this is the knee. In this joint the 
axis of rotation is near the posterior surfaces of the bones, and passes 
transversely through the condyles of the femur, the surfaces of which 
form an are, the centre for which corresponda to the axis of znotion. 
In onlinary flexion the head of the 
tibia moves on the are around the axis 
so as to partially relax the lateral liga- 
ment and allow of some rotation on 
the axis of the tibia. When the head 
of the tibia moves forwards, in exten- 
sion, it becomes wedged against the 
anterior part of the articular surface 
of the femur, which presente an eccen- 
tric spiral-like curve, departing more 
and more from the centre of rotation 
us the articular surface of the tibia 
proceeda forwards The effect of this w = articular surfed of fomur, 
is, that in extension of the leg the * = tibia in position of extension, 
ligaments are made tense, and the = Mbiein position of flexion, 
bones are firmly locked together. 
Owing to the inequality between the size of the internal and external 
condyles the axis of rotation is not at right angles to the axis of 
the femur, but is at such an angle that extreme extension causes also 
alight amount of outward motion of the leg. 

6. In the ball and socke* joints—the name of which implies their 
mechanism—the most varied movements occur, (Hip and shoulder.) 





Fig. 195.—-Dingram of the action of 
the kneejoint, 


STANDING. 


In order that an elongated rigid body may stand upright it is only 
necessary that a line drawn vertically through its centre of gravity 
should pass within its basis of support, and if the latter be suiliciently 
wide the object will remain permanently in that position. The 
human body is, however, in the firat place not rigid, wm im She 
second place.the basis of support is too small to ensure 9 tatisinekory 
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degree of steadiness, The act of standing must, therefore, be accom= 
plished by the action of certain muscles, which are employed in pre 
venting the different joints from collapsing, and in so the 
various parts of the body as to keep the whole frame from toppling 
over. 

In onler to economise muscular enengy while standing, we must 
lock as many of our joints as possible, and thus depend rather on 
the passive ligaments than upon muscle action for the rigidity of the 
body. With this object we are taught to place the heels together, 
turn out the toes, bring the legs parallel by approximating them, and 
extending the knees to the utmost, to straighten and to throw back 
the trunk so as to render tense the anterior hip ligaments, to direct 
the face straight forwards so as to balance the head evenly, and to 
let the arms fall by the sides. 

In this position, as a soldier stands at attention, the knee and 
joints remain fixed, without any effort on the part of the muscles, 
but it is far from being the most comfortable attitude one can asemme 
for prolonged standing, and hence the position known best by the 
onder “stand at ease” is adopted if more complete rest is desired, 
In this position the weight of the body is usually allowed to rest om 
one leg while the other lightly touches the ground to form a kind of 
stay and relieve the muscles which surround the supporting ankle 
from too great an effort of balancing. At the same time the knee ia 
extended and the pelvis becomes somewhat oblique #0 a8 to Dring dt 
more directly over the head of the femur. In ordinary easy stan 
ing, the joints are not commonly kept locked by the tension of the 
ligamentous structures, but their position is constantly being very 
slightly altered £0 as to vary the muscles employed in preserving the 
balance and thus to prevent fatigue. 

‘The joints most exercised in the erect posture ure the following — 

1, ‘The ankle has to support the weight of the entire body, while 
the joint is neither flexed nor extended to its utmost, and canned 
be fixed in this position by ligamentous arrangements. The foot 
Doing placed on the ground, resting on the heel and the balls of the 
great and little toes, is supported in an arch-like form by strong, 
though clastic, ligaments, which allow but little motion in the nume= 
rous joints. The bones of the leg can move in the freest way, Baek 
wards or forwards, around the articular surface of the 
forms the roller of the hinge, any lateral motion of which is prevented 
by the malleoli. ‘The line passing through the centre of gravity af 
the body generally falls slightly in front of the axis of rotation of 
the ankle-joint, so that the entire body tends to fall forwands at the 
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ankles. This tendency is checked by the powerful calf muscles, 
which, attached to the calcancum by means of the strong tendo 
Achillis, keep the parts in such a position that an exact balance is 
nearly constantly kept up. 

2. The knee-joint, when completely extended, requires no muscular 
action to prevent it from bending, because the line of gravity then 
passes in front of the axis of rotation, and the weight of the body 
tends to bend the knee Iekwards, This is impossible on account 
of the powerful ligaments which exert their traction behind the 
axis of rotation, Commonly, however, these ligaments are not 
put on the atretch in this way, but the joint ia held, by muscular 
power, in auch a position that the line of gravity passes just through, 
or very slightly behind, the axis of rotation of the joint, so that, if 
anything, ther is a slight tendency for the kneo to bend. This ix 
completely cheeked, and the body balanced by the powerful extensor 
muscles of the thigh, 

3. In the hip joints, which have to support the trunk and head, the 
line of gravity falls just behind the line uniting the joints when the 
person is perfectly erect, 20 that here the body has a tendeney to 
fall buckwanla This is prevented by the strong ilio-femoral ligne 
ment. When, however, the knee is not straightened to the fall extent, 
#0 that the line of gravity passes through or a little behind the 
axis of rotation of that joint, then the pelvis is very slightly flexed 
on the femora so that the axia of the joints lics exactly in or a little 
behind the line of yravity, and thus the body inclines rather to fall 
forwards, This tendency, however, ia prevented by the powerful 
glutei muscles, which also enable us to regain the erect posture after 
ending the trunk forwanls. , 

The motions of which the pelvis and vertebral column are capable 
are too slight to deserve attention here. The vertebral column, 
weilged in ax it is between the two innominate bones, may be taken, 
together with the pelvis, as forming a very yielding and elastic, but 
practically jointless, pillar, the upper part of which can alone be 
Vent to steh an extent as to require mention in discussing the 
mechanism of station, 

The individual joints between the cervical vertebra permit but a 
slight amount of movement when taken separately, but by their 
aggregate motion they enable considerable extension and flexion of 
the neck to take place. These motions follow so closely, and are #0 
inseparably associated with those of the head on the apper vertebra, 
that there is no need to consider them ecparntely from the latter, 


The atlento-occipital jointe acmit of some little lateral movement. 
wD 
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‘but that in the antero-posterior direction is much the more important, 
‘but even this would he insignificant were it not associated with the 
movements between the other cervical vertebre, 

‘The cranium has then to be balanced on the top of a flexible 
column, and rats immediately ina kind of socket, which can move 
as adouble hinge around two axes at right angles one to the other: 
‘The vertical line from the centre of gravity of the cranium must 
vary with every ferwanl, backward, or lateral movement of the 
lead or neck, but in the erect posture it passes a little in front of 
the axis of rotation of the atlanto-oceipital joint and somewhat 
behind the curve of the cervical vertebre, so that the head may be 
said to be poised on the apex of the vertebral column, with some 
tendency to fall forwards, There are no ligamentous structures 
which can lock the jointsso as to keep the head in thowrvet position > 
therefore without the aid of muscular force the head will fall forwanks 
or backwards according to the position it is in when the mattsdles 
‘become relaxed as in sleep. 

From the foregoing facts it will be seen that there exikts n kind of 
co-ontinated nntagonism at work in ordinary easy standing which keeps 
the ic plinble body upright, without the rigidity mpc when 
standing “at attention.” The muscular action is more exercieed 
when we are not on steady ground and varied co-ordination becomes: 
neceasary ; for instance, when we yo on bounl ship for the first thm, 
Station then takes some little time to become perfected, and requires 
new associations of movement. ‘The gastrocnemius and soleus nebuc 
the ankle in a degree just proportionate to the amount of flexion of 
the knee permitted by the quadriceps extensor cruria, while simultane 
ously the great luteal muscle allows the body to incline forwunis 
so nsto keep its contre of gravity in the proper relation to the Inmate of 
apport. 


Watkrxe axp Rowstxa. 


‘The common act of progression is accomplished by poising the 
weight of the body alternately on one leg—ealled the mupporting lisse 
aml, with the other—the pendulous limb—tilting the body re 
wanls out of equilibrium, and then swinging the latter lim) forwards 
and placing it in front so as to prevent the body falling forwards, In 
ite turn this then becotnes the supporting leg. The eg ie 
alescribed nn having two phases, (1) active bigees ane 
the ground, and (2) passive, while swinging forwards 
dulum, In starting, one foot is placed behind the othe, tha the 
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line of gravity lies between the two, the hindmost limb having the 
ankle and knee a little bent. By suddenly stmightening these 
joints it gives a“ push off” with the toes and propels the body for- 
ward so a8 to move it around the axis of motion of the fixed or 
supporting ankle-joint. At the end of the the pendulous 
ley comes to the ground and leaves the other limb in the attitude 

y for the push off. Thus on level ground walking ia carried on 
with but small muscular exereisé ; but in ascending a ateep incline 
or going up stairs, the supporting limb has to elevate the body at 
each step by extending the knee and ankle joints by the thigh 
extensors and the calf muscles. 

Rwaning ia distinguished from walking by the fact that, while in 
the latter both feet rest on the ground for the greater part of each 
pace, in the former the time that either foot rests on the ground is 
reduced to a minimum, and in fact the supporting limb disappears, 
‘The legs are kept in « semicflexed position ready for the push off or 
spring, which is so forcibly carried out that the body is propelled 
through the air without any support. Thus an interval—of greater or 
Jess duration according to the pace—exists during which both the feet 
are off the ground, as the moment either foot comes to the ground it 
executes a new spring without waiting for the pendulous swing 
described in walking. 





CHAPTER XXVII. 
VOICE AND SPEECH. 


‘Tae human voice is produced by an expiratory blast of air Deing 
forced through the narrow opening at the top of the windpipe ealled 
the glottis, This ylottis, which lies in the lower part of the’ 
ja bounded om each side hy the edges of thin, elastic, membranome 
folds that project into the air-passages, These membranous folds, 
called the vocal cords, are set vibrating by the current of air front 
below, and in turn communicate their vibrations as sound te the alr 
in the nir-passages situated above them, 


Axaromican Skerce, 


‘The vocal apparatus is really a musical instrument of the 
kind. If we compare it with the pipe of un organ, we find all 
parts of the latter represented. ‘The Iungs within the moving thomx 
act as the bellows, The bronchi and trachea are the supply wal 
alr box. The vocal conds are the vibrating tongues ; while the 
pharynx, mouth, and nose, act as the accessory or resonating 
The Ulast of air is produced and regulated by the respiratory fi 
and special intrinsic muscles of the larynx change the conditions 
the vocal cords #0 as to alter the pitch of the notes produced, Other 
sets of muscles, by altering the conditions of the 
give rise to many modifications in the vocal tones, and this pralacr 
‘what fa called speech, 

The larynx, which may be reganted as the special ongan of 
is, in the main, made up of four cartilages, viz, the erleoid, 
and two arytenoids, jointed together 60 as to allow of 
motion. Of these the inferior, the erieoid, is attached to the 
which it joins to the others. 1 forms a ving, whieh is thin fa 

deep and thick behind, owing to o jpecelliar syroyecthom. aywrumte 


pe 
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posterior part. The thyroid consists of two side wings so bent so a8 
form the greater part of the anterior and lateral boundaries of the voice 
. box, and can be felt easily in the front of the throat. It is artienlated 

to the sides of the ericoid by its two inferior and posterior extremities, 


#o that the upper part of the 
cricoid cartilage can move 
backwards and forwards, The 
arytenoid cartilages are little 
three-sided pyramidal masses 
placed on the upper surface 
of the posterior part of the 
cricoid, to which they are 
attached by a loose joint. 
They are so placed that one 
surface looks inwards, the 
second backwards, and the 
third forwards and outwards, 
while the inferior surface rides 
on the crienid. One point, 
therefore, looks forwards, and 
to itis attached the yoeal cord 
on each side, hence it has 
‘been called the vocal process. 
The apex, which looks out- 
wards and backwanls, gives 
attachment to some of the 
intrinsic muscles and hence 
has been called the muscular 
process, 

‘The thyroid cartilage is 
connected with the ericoid 
Delow, and to the hyoid bone 
above by ligaments and tough 
membranes, which hold the 
parts together, fill in the in- 
tervals, and complete the 
skeleton of the larynx, 





Fig. 100.—Anterior half of a transyerso section, 

‘through the laryns hear ite midille. More 
46 out aveay om the upper part of the right 
ide, 1. Upper division of the trrnpeal 
cavity ; 2, Central portion ; 5. Lower pore 


‘The vocal conla are composed of small strands of elastic tissue, 
which are stretched between the anterior processes of the arytenoid 
cartilages and the inferior part of the thyroid, whore they axe aitasdaed 
side by side to the posterior surface of the angle formed Wy Lhe Youe= 


tion of the two lateral parts or alw of the thyrhd, "The worse 
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membrane which lines the larynx is thin, and closely adherent over 


Vig, W7—Three ain= 
grams taken from 
laryngoscople views 
cof the superior aper= 
tare of the larynx 

tho position 


2, Vooal chink as in 
slnpeee. 
wf, Tn eany quiet inhu~ 
lation of ai, 
em faced ini 


the vocal conls, The surface of the 


passing over the cartilages and muscles 50 as to 
obliterate all ridges except the vocal cords and 
two others, lest sharply defined, called the 
fulse vocal cords, which lic parallel to and 
above the true vibrating cords, Between these 
is the cavity known as the ventricle of the 
larynx. 


Mecaastast or VocALHATION. 

Taking the thyroid cartilage as the fixed lace, 
the ericoid and arytenoid cartilages borg 
movements which bring about two distinet 
of changes in the glottis and its elastic 
namely, (1) widening and narrowing the: 
ing; (2) stretehing and relaxing of the 

the 


corla, During onlinary respiration 

remaing about half open, the muscles being 
state of relaxation (B’), During page 

the glottis is widely dilated by muscalar 

tion (C), If an irritating gas be inspired, 
glottis is tightly closed by a spasmodic action 
certain muscles, ¢o that the true voral cons 
asa kind of valve, 

During vocalisation the glottis is formed 
a narrow chink with parallel aides(A while 
conds are rade mor or les tense, according ta 
the pitch of the note to be produced ; 
changes being brought about by m) 

‘The opening of the chink of the glottis ts as 
complishod chiefly by « muscle called the 
terior crico-aryteuoid, which yusses frum 
posterior wurface of the cricoki 


pulling the latter point downwards 

‘wards it reywintes the arytenoiil cartilages, p 
cularly at their anterior extremity, where: 

are attached. In this action they anv 

small mnacle connecting the breton 


the arytenoid, nately, the posterior arytenoid, which tenia, 
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the two arytenoid cartilages are held apart, to rotate them so that 
the vocal processes are separated, 

Thenarrowingof theglottisixexeouted bythe lateral erico-arytenoide 
whichran upwards and backwards from the antero-lateral aspect of the 
cricoid to the muscular processes of the arytenoid cartilages, They pull 
the muscular processesforwans, and thusrotate the arytenoid, 
eo a4 to approximate the vocal processes to one another, while any 





ig. 1,—Dingram of the opening of the 
Te amet (anaes 


TA. Thyroid cartilage, 

Or, Cricoid cartilage. 

Ay, ee eS BO 
¥. Voral cams, 





tendency towards pulling apart the bodies of the cartilages, owing to 
the downward direction of the muscle, is.overcome by the posterior 
arytenoid muecle and those musealar bands which pass from the 
posterior surface of the arytenoid cartilages to the epiglottis and the 
upper part of the thyroid cartilage, the external thyro-urytenoid, and 
the thyro-ary-epiglottic muscles (Henle), The other fibres, which 
pass directly from the arytenoid to the thyroid cartilages—internal 
oud external thyro-arytenoi muscles—in the same direction as the 
vocal cords, complete the closure by helping to pres together the 
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vooal processes and by approximating the conis themselves. Tn 
spasmodic closure of the glottis, ull these latter muscles ast violently 
together, and have been grouped by Henle as the constrictor of the 
glottis, Relaxation of the vocal cons accompanies voluntary eloeure 
of the glottis, ns in holding the breath, when the false vocal cords are 
eaid to have a valvular action. But the muscular fibres, which rum 
from the arytenoid curtilages to the thyroid, nearly parallel to the 
true vocal cords, are those concerned in the act of relaxation when 
the cords are active. They pull forwanls the arytenoid cartilages, 
and at the same time dmw the upper part of the cricaid 
forwanls. Moreover, these muscles have an all-important action in 
adapting the edges of the cords and the neighbouring surfaces to thie 
exact shape most ailyantageous to their vibration, 

‘The stretching of the vocal conls is cause by the contraction of 
‘one muscle, the crico-thyroid, which, on the outer side of the: 
passes downwards and forwards from the lower part of the thyroid t# 
the anterior part of the cricoid cartilage. Tt thus pulls the anterior 
part of the cricoid cartilage upwards, causing it to rotate nonmd an 
axia passing through its thyroid joints, The upper part of the 
cricoid, which carries the arytenoids, is thus removed from the 
anterior attachment of the vocul cords, and the membranes are pat 
on the stretch. 

‘The requirements necessary for the production of voice are the 
following :— 

1, Perfect elasticity and clearness of edge of the yoosl cords, ami 
freelom from all surface irregularity, such as would be caused by 
thick mucus adhering to them, or any abnormality, 

2% The conls must be very accurately adjusted, closoly apprnai« 
mated together, and kept parallel, almost tonehing rape Se 
throughout their entire length, . 

% The cords must be held in a certain degree of tension, or the 
vibration does not produce any vocal tone, but simply a Taucom 
nokse, 

4. The air must be propelled throngh the glottis bya fared exp 
ration, Tho normal expirtory current is too gentle to give 
necessary vibration, After the operation of tracheotomy, tha 
air cicapee through the abnormal opening, and sufficient 
cannot be brought to bear on the cords, «o no Yoo! sound ean be 
produced, and the person speaks in a whisper, unless the exit af 
alr through the tracheotomy tube is prevented by pilackig the thtiger 
temporarily mpon the opening, 
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Paorertizs oF Tu Humax Vorce. 


Tn the voice we can recognise the same properties as are noted in 
other kinds of gound. These are quality, pitch and intensity. 

(1,) The quality of vocal sounds is almost endless in variety, 
as is shown by the vocal capabilities of different individuals, The 
quality of tone of any smusteal sound depends upon the relative 
power of the fundamental note, and of the overtones that aecompany 
it, The less disturbed the fundamental notes are by overtones, the 
clearer and better is the voice, This difference in quality of the 
human voice depends upon the porfectness of the elasticity, the 
relation of thickness to length, surface smoothness, and other phys 
sical conditions of the cords themselves, and the exactitude with 
which the muscles can adapt the surfaces, For singing well, much 
more is necessary than good quality of tone, which is common 
enough. The muscles of the larynx, thorax, and mouth must be all 
educated to an extraordinarily high degree, 

(2) The piteh of the notes produced in the larynx depends upon— 
first, the alwolute Jength of the vocal cords, ‘This yaries with age, 
particularly in males, whose vocal organs undergo rapid growth at 
puberty, when the voice is sald to crack. The vocal cords of women 
have been found by measurement to be about one-third shorter 
than those of men, and poople with tenor voices have shorter cords 
than basses or Luritones. Secondly, on the tension of the cords : 
the tighter the vocal cords are drawn by the crico-thyroid muscles, 
the higher the notes produced ; and the well-known singer Garcia 
believed he observed with the laryngossope the yocal processes so 
tightly pressed together as to impede the vibration of the posterior 
part of the conls, and by this mcana they could be voluntarily 
shortened. 

(3.) Intensity or loudness of the voice depends solely on the strength 
of the current of air, The more powerful the air-blast the greater 
muplitude of the vibrations, and hence the greater the sound pro- 
duced, The narrower the chink of the glottis, and the tighter the 
parallel conls are strotched, the less is the amount of air and the 
weaker is the blast required to eet them vibrating ; anil vice vera, 
the looser the cords and the wider apart they are, the greater the 
volume and the forve of the aly current necessary for their complete 
vibration, Henee it is that an intense vibration or loud note can 
be produced much more easily with notes of a high pitch than with 
very low notes, and we find singers choosing for their telling crescendo 
some note high up in the range of their voicu, 
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The human voice, including all kinds of voice, extends over about 
three and a-half octaves, Of this wide range a single individual ean 
seldom sing more than two octaves. The soprano, alto, tenor, aul 
wwe forming a descending se the range of each one of which 
considerably overlaps the next in the seale. 

During the onlinary vocal sounds, the air, both in the resonating 
tubes above the larynx and in the windpipes coming from below, 
is set vibrating, eo that the trachea and bronchi act ms resonators as 
well as the pharynx, mouth, &c. This may be recognised thy placing 
the hand on the thorax, when a distinct vibration is communicated 
from the chest wall. Such tones are, therefore, spoken of as chest 
Hotes, Besides the chest tones of the onlinary voice, we ean produce 
notes of a higher pitch and a different quality, which are called head 
notes, aince their production is not necompanied by any vilration of 
the chest wall. The physical contrivance by means of which thie 
falsetto voice is brought about ia not very clearly made ont, The 
following are the more probable views >—(1) It has been 
that in falsetto only tho thin edges of the cords vibrate, the internal 
thyro-arytenoid muscles keeping the base of the cord fixed ; while with 
chest tones a greater surface of the cor! is brought into play. (2) The 
cords are said to be wider ayart in falsetto than in chest notes, and 
henve the trachea, &c,, ceases to nct as a resonator, (3) Or the conde 
may be arranged #0 that only one part of them, the arteriqr, ex 
vibrate, and thus they act as shortened conla, # stop” font ae placed 
on the point where the vibrations cease, by the inte 
arytenoid muscle, 

‘The production of a falsetto voice ix distinetly voluntary, and i 
probably dependent upon some museolar action in immediate relation 
to the cords, for it is always associated with a somation of museslar 
exertion in the larynx as well as with changes that take place in the 
conformation of the mouth and other resonating tabes, 


Nenvovs Mecuanien or Vorck. 


‘The nervous mechanism by means of which vocal sounds ans 
duced is among the most comaplexly co-ordinated actions that 
muscular movements, 

Like respiration, vocalization at first secims a simple Mer: 
net, sounds of various kinds being produced at the conmmamt ef 
the will of the individual. No doubt the nepimtory 
which work the bellows of the voice organ, ane under the 

the will £0 long os the rexpiration 1s wor ioteriereowinha, "Chie xsi 
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and throat muscles which shape the resonating tube are also yolun- 
tary. But the intrinsic muscles of the larynx are only voluntary in 
a certain sense, while in another they are distinctly involuntary, a8 
may be seen in apasm of the larynx ; for they are, in part at least, 
controlled by impulses which arise at the organ of hearing and pase 
to some co-ordinating centre, which arranges the finer muscular move- 
ments necessary to produce @ certain note. When we sing any note 
struck on a musical instrament, we get the expiratory, mouth, and 
general vocalising muscles in readiness for the proper application of 
the air blast by a voluntary act; but the exact tuning of the vocal 
conls is accomplished in some measure reflexly by impulses coming 
from the ear to a special co-ordinating centre, the edueation of which 
is commonly in advance of the yolition centres, and therefore can 
only be controlled by the latter in persons specially educated to 
music, Some persons who can sing agiven note with promptnees and 
exactitude without any effort, would find much difficulty in over 
coming, by volition, the accuracy of this perfect reflex niechanism. 
Jn fact, a person with a good ear finds it difficult to sing out of tune, 
even if he try. 

Though we feel that we have command over the pitch of our sound- 
producing organ, we owe much to the aid of our sound-appreciating 
ongns and the nerve centres which they have in connection with 
them, 


Srexcu, 


The variations in vocal sounds which give rise to speech are not 
produced in the larynx, but in the throat, mouth, and nose. When 
unaccompanied by any vocal sound, speech only gives rise to o 
whisper; but when a yoeal tone ix at the sume time produced, 
we have the ordinary loud speaking. Since vocal tones can only be 
produced by expiration, so we can only speak aloud by means of an 
expimtory current of air; but an inspiratory current may be made 
to give rite to a kind of whisper. 

Speech is composed of two kinds of sounds, in one of which the 
sounds must be accompanied Ly a vocal tone, and are hence called 
“vowels ;"” in the other no vocal tone is necessary, but changes in 
ehape take place in the resonating chambers, so ax to give rise to 
noises called consonants. As the pronunciation of the consonants is 
usnally accompanied by some vowel sound, and further from the fact 
that the difference between the vowels is brought about by changes 
in the shape of the mouth, the distinction between The Wo weds ok 
sounds is rather artificial than real, 
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The production of the different rowel sounds depends npon euch a 
change being bronght about in the shape of the mouth cavity and 
aperture, that a resonator with « different individual note is formedt 
for each particular vowel. 

‘The sounds called consonants are caused by some cheek or imypedi- 
mont being placed in the course of the blast of air iesuiny from the 
airpasuges, They muy be classified, according to the part at whieh 
the obstruction occurs, ns follows :— 

1, Labials, when the narrowing takes place at the lips, as in pre- 
nouncing b, p, f, « 

2, Dental, when the tongue causes the obstruction by being pruslsed 
against the hand palate or the teeth, as in ¢, , 4, b 

3. Guttwrals, when the posterior part of the tongue moves towanls 
the soft palate or pharynx, as in eaying &, g, ghy chy te 

Consonants may also be divided into different groups, according to 
the kind of movements which give rise to them, 

1. Explosives are produced by the sudden removal of the obstruction, 
as with p, d, ke 

2. Aspirntes are continuons sounds caured by the passage of a eur 
rent of air through a narrow opening, which may be at the Hips, as i 
Af, at the teeth as with 4, or at the throat as in ch, 

3. Reowants aro the sounds which require some resonance of the 
vocal cords, and the air current is suddenly checked by closure of the 
lips, os in m, or the dental aperture as in # or ny. 

|. Vibratory, of which r is the example, requires a peculiar vibration: 
of the vocal conls, while either the dental or the guttural aperture 
is partially closed, 








CHAPTER XXVIII, 
GENERAL PHYSIOLOGY OF THE NERVOUS SYSTEM. 


Axatoutcan Skercm, 


‘Te nervous system is the appartus by which the distant parts 
of the body are kept in constant relationship with one another, so 
that a change of state of any one organ is communicated to and may 
set up corresponding changes in remote parts of the system. It is 
made up of two varieties of tissue, both of which possess special vital 
properties. The one, which is composed of thread-like strands of 
protoplasm—nerve filres—connect together the elements of the other 
group, the werne corpuclee, which form cither peripheral or 
central terminal,  Neree fibree are then simply special ¢on- 
ducting agents, having at one extremity a special terminal or nerve 
cell for sending impnises, and at the other extremity other cells for 
receiving the same, ‘These terminal organs, between which the 
nerve fibres pass, are the agents which determine the direction the 
impulse is to travel along the nerve. The sending organ is eome 
times at the peripheral end of the nerve, and the receiver in the 
nerve centres, as in the case of an ordinary entaneous nerve, which 
carries impulses from the skin to the brain; or these duties of 
the terminal organs may be reversed, as in the case of the nerves 
conveying impulses from the brain to the museles 

‘The former kind of nerves are called afferent or centripetal, and 
the latter efferent or centrifugal. Nerves are capable of carrying 
impulses in either direction, as has been proved by cutting the 
afferent lingual and the efferent hypoglossal nerves and causing the 
proximal end of the former to unite with the distal end of the 
latter, which is distributed tothe muscles of the tongue. When the 
union has taken place, a stimulus applicd on the afferent portion 
causes the muscles to move, 

Any picos of protoplasm can conduct impulses, as is seen in the 
rapid transmission of an impulse in animals and textures which have 
no special conducting elements or nerve fibres. Thue in the hydra 
all the cells act as nerves, and in the higher animals on inydse, 


be 
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producing a wave of contraction, can pass on from one muscle cell 
to the other directly, as is seen in the ureter, or in the frog’s heart. 
‘The only essential part of a nervous conductor isa delicate proto- 
plasmic fibril. Single, thin, thread-like fibrils are commonty found 
carrying impulses in the nerve centres. But in the nerves distr- 
buted about the body one docs not mect these single protoplasmic 
threads (except where the fibrils are interwoven to form terminal: 
networks, as seen in the cornea), but the fibrils are clustered together 
in Innge bundles, a0 as to make one nerve fibre, This bundle of 


‘ei 


Fig. 200.—Tighly maguitiol view of threo 

medullated and two non«medullatet 
servo tibres of frog, stained with 
onnio acid, which makes the medul- 
lary stoath back. 

N.—Nodos of Renvier—where the axis 
cesliniler can be moon to pase the gap in 
the modullary shewth, 


ps 
i 
jlist 


protoplasmic fibrils is, in the peripheral nerves, always 
is called the maria cylinder of the nerve fibre, Im some nerve 
there is bub one very thin transparent covering, termell the primitien 
sheath, while in others there is a thick layer of doubly-refreting 
Muid inside the primitive sheath, in immediate contact with the 
fibrils of the axis cylinder, This is called the medullary heath, 
white substance of Schwann, beeause its peculiar refmotive ni 
make it look white when viewed in s direet light, oo 
the nerves have or have not this wedvMory deel, they have 


i 
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termed “white” or “grey.” The former are by fir the most plen- 
tifal, since they make up the greater part of the ordinary nerves, 
while the grey fibres only predominate in the sympathetic nerve and 
its mmificationa and parts of the special sense organs, 

Au ordinary nerve, then, is made up of a lange number of fibres, 
held together by connective tissue, and each of the fibres contains a 
vast number of fibrils within its sheath. 


Foxcrrowat CLAssiFIcation, 


Nerve fibres may be elussified aecorling to their function, in the 
following way :— 

I, Afferent nerces, those which bear impulses from the surface to 
the nervous centres, These may be further divided into ; 

(a) Sensory nerves, when the impulse they convey gives rise to a 
“ perception.” The perceptions may be the special sensations which 
are transmitted from the orgnns of special sense, or those of general 
sensation, giving rise to pleasure or pain, 

().) Reflee nerves, which communicate the impulse to some other 
nerve clements, aril thus give rise to some new forces, without any 
perveption of the stimulus, According to the result of the excitation 
resulting from their reflected impulse they are termed—excito-motor, 
oxcito-secretory, and exeito-inhibitory, &e, 

(c.) Those nerves which act both as sensory and reflex nerves ; 
there are the most numerous, the sensory or reflex uction depending 
upon the condition of the nerve centres, 

IL. Efferent nerves, which carry impulses from the centres to the 
various organs throughout the body. According to the effect their 
excitation produces they are termed ; (a) motor, going to muscles 
and causing them to contract ; (8) secretory, the stimulation of which 
calls forth the activity of a gland ; (y) inhibitory, when they check or 
prevent some activity by the impulses which they carry ; (8) vaso-motor 
werees, which regulate the contraction of the muscular coat of the 
Dlood-vessels ; (¢) trophic, thermic, electrie nerves are also’ to be 
named, the two former being of doubtful existence, and the latter 
being only found in those animala which are capable of emitting elec- 
tric discharges, such as the electric fishes, 

ILI. Lutereentral nerves are those which act ax bonds of union he- 
tween the several ganglion cells of the nervous centres, which are con- 
nected, in the most elaborate manner, one with the other, As the 
terminals of these fibres are both probably receiving wd Ureaing, 
agents, the delicate strands cf protoplasm communicating, beswees 
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them probably convey impulees in different direetions, but of this 
‘we can have no definite idea, although «ch « supposition would aid 
us in forming a mental picture of the manner in which the wonder 
fully complete intercentral eommunications are accomplished, 


Move or Ixvestiaarios. 


In order to investigate the functions of the different nerves a 
knowledge of their central connections and their peripheral distel- 
‘Dution is necessary, Bat anatomical knowlele, however perfect, 
does not convey an adequate notion of thelr function, aa may le 
seen from deductions made by anatomists, many of which have new 
‘borne experimental tests, 

‘The procedure adopted in testing the fanction of a nerve is the 
following. ‘The nerve is exposed and cut, and it is oluceved whether 
there be any loss of sensation or muscular paralysis in the part to 
which it passes. The cut ends are then stimulated, and the results 
are observed. The end of the part connected with the centres te 
spoken of as the central or proximal end, and that belonging to the 
part leading to the distribution of the nerve, is called the peri 
or distal end, If the nerve be purely motor, stimalation of the 
proximal end will yield no result, but when the distal end bbe inti 
tated, active movements follow. If, on the other hand, it be o 
sensory nerve, stimulation of the distal end gives no result, and that 
of the proximal end produces signs of pain. Ina compound mere 
some response is obtained when either the distal or proximal end i 
irritated. ‘ 


Cnetstay or Neave Fre. 


The axis cylinder of neeves is probably composed, aa alveniy mene 
tioned, of protoplasm ; further than that nothing is known of fie 
chemical properties, The medullary sheath yields certain eu) 
which are related to the fats, and can be extmeted with ether and 
chloroform. Among these ia the peculiar compound. 
fot, Weeithin containing phosphorus, also cholesterin, corebein, aml 
kreatin, 


Execrat’ Proreartes or Nerves, 
Like muscle, nerves may be reganted as having @ state of rest anil 
a state of activity, but the two states are not obvions in the aime 
striking way os they ere in muscle, nor do we know anuch of the 
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physical properties of nerve. While at rest, however, it shows 
electric phenomena similar to those which have already been de- 
scribed as belonging to muscle tissue. These electrical currents 
are contemporancous with the life of the nerve, and they undergo 
the same variation ns ocenrs in muscle when the nerve passes into 
the active state; that is, when it tranamits an impulse, 

The so-called natural current of nevve is practically the same ax 
that of muscle, passing in the nerve to the central part from the ent 
extremities of the fibre; that is to say, the current passes through the 
gulvanometer from the electrode applied to the middle of the nerve, 
to that applied to the extremity. The electro-motive force of a 
small nerve ia much leas than that ofa muscle. In a frog's sciatic 
it has been estimated to be 0°02 of a Daniell cell. The natural 
current of the frog’s nerve is snid to increase in intensity in propor 
tion to the increase in temperature up to about 20°C,, after which it 
decreases, 

Experiments on nerve currents must be carried on with all the 
precautions mentioned in spenking of muscle currents, and with the 
non-polatisable electrodes there figured (page 371). 






Tux Active Stare op Nenve-Fieres, 


Nerves pas into a state of activity in response to a variety of 
stimuli; their changed condition, however, cannot be readily Te- 
cognized, because the only change we can detect in the nerve is that 
in ite electric state. soon know, however, when a nerve is 
conducting an impulse, if it be connected with its terminals, In the 
case of a nerve bearing impressions from the skin to the nerve 
centns, we get evitlence of a sensation being felt, and when the nerve is 
motor—that is, bearing impulses from the centres to the muscles, we 
judge of the state of activity of the nerve by means of the muscle 
contraction which it brings about. For all ordinary experimental 
purposes we use the nerve of a frog with the muscle it supplies 
intact. This neree-muscle preparation is commonly made from 
the leg of a frog, the sciatic nerve being carefully prepared 
from the thigh, while the gastrocnemius is cut away from all its 
attachments except that to the femur, which is retained as a point af 
fixation. In fact, the same method as is useil for the indirect stimu- 
lation of muscle is eniployed for the atudy of the excitability of 
nerve-fibres, 
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Nenve Sriavt. 


Besides the normal physiological impulse which comes from the 
cells in connection with the nerve fibres, they may be made to pass 
into the active state by a variety of stimuli, differing Httle frum 
those which are found to affect muscle, when applied directly te that 
tissue. They may be enumerated as follows :— 

1. Mechanical stimulation, Almost any mechanical impulse, 

to any part of a nerve, causes its excitation, The stimulus must! 
a certain degree of intensity, and have a definite, thoagh it may bea 
very short, duration. If mechanical stimuli be frequently applied to 
anerve in the eame place, the irritability of the part is soon 
destroyed ; but if fresh parts of the nerves be stimalated, at exch 
blow the nerve pastes into a state of tetanus, as shown by the eum- 
traction of the musele to which it is supplied. 

2. Chemical stimulation. First, must be named drying of the fibre, 
whether this be caused by onlinary evaporation, or facilitated with 
Dlotting paper, exposure over sulphuric acid, or the addition of 
solutions of high density, such as syrup, glycerine, or strong salt 
solution, Secondly, strong metallic salts or acids irritate nerves. 
‘Thirdly, alcohol and ether, and a solution of bile; and lastly, even 
weak alkalis, except ammonia, which has no effect on terve, althonsh 
it acts on muscle when applied directly to that tissue. 

3. Thermic stimulation occurs when sudden changes are brought 
about approaching either of the extreme temperatures at which the 
nerve can act ; i, near 5° or 50°C, 

4. Electric stimulation is by’ far the most important for plkysie- 
logists, being the most delicate, most casily applied and aygulated, 
and the least injurious to the nerve tistue. As was mentioned 
Tespect to muscle, any sufliciently mpid change of intensity di as 

electric current passing through a nerve canes in it the molecular 
changes we call excitation, as evidenced by the muscle 
and the natural vlectrie currents of the nerve undergoing variation. 
‘The lews the absolute intensity of the current, the greater the effet 
amy given change in intensity causes, ‘The muselé of A nerve-rmusele 
prepmmtion coutracts, when a weak constant current, aay from a 
ssnall Daniell cell, is suddenly allowed to pass through the 
This is done by placing = part of the nerve in the 
which is made complete, by closing a key, when the 
tion i to be applied. This form of stimulation ix om 
shock, While the currunt is allowed to pass through the ner 





Bs 
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effect is produced if the battery be quite constant. On breaking the 
circuit by opening the key the current suddenly ceares, and another 
contraction occurs, this is called the breaking shock, At each making 
and breaking of the constant current, a stimulus is applied to the 
nerve, and trananitted to the muscle, and it hos been found that « 
weaker current suffices to bring about a contraction when applied to 
the nerve, than when it is applied to the muscle directly. 

If a strong constant current be allowed to pass through a con- 
siderable length of a nerve for some litde time, and the cireuit be 
then suddenly broken, instead of a single contraction tetanus of the 
muscle results. ‘This brewking tetanus (Ritter's tetanus) is easily pro- 
duced when the positive pole or anode is next the muscle, Sometimes 
in particular conditions of the nerve, and with certain strengths of 
stimulation, a making tetanus also occurs, but more rarely and only 
when the negative pole ia next the muscle, 

When a constant current, such a# we yet directly from a Daniell 
cell, is used, that part of the nerve between the stimulating points, 
through which the current passes is found not to be equally affected 
throughout its entire length, but one single point ix stimulated 
whence the impulse spread. This nay be the point where cither 
of the poles is in contact with the nerve; and further, a different 
pole starts from the stinmlus, according as the cirouit is made 
or broken, With a making shock the stimulation takes place at 
the negative pole or cathode, and with wbreaking shock at the positive 
pole or anode, That is to say the point where the current leaves the 
‘nerve is affected at the make, and the point where the current enters 
the nerve is aflected at the break of the current, 

Tt has also been found that, other things being equal, the making 
shock is a more powerful stimulus than the breaking shock; ie, a 
weak current will sooner cause a contraction when the circuit is made 
than when it is broken, 

‘This remarkable fact that the impulse starts from the anode in 
a breaking shock is proved by means of the breaking tetanie just 
alluded to. It haa been found that when the positive pole or anode 
is next to the muscle the breaking tetanns lasts longer and ia stronger 
than when the anode is placed at a greater distance from the muscle 
than the cathode ; and further, when the anode is beyond the cathode 
section of the nerve in the intrupolar region, during stimulation the 
tetanns stops it at once, because the point from which the stimulus 
comes is thereby cut off from the musele. Section has no effect 
if the anode be next the muscle, the tetanus proceeding in a normal 


way, only the inactive pole being: cut away from the muse, 
wo 
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‘That the stimulus occurs at the cathode in a making current may 
also be demonstrated by the fact that it takes a certain measurable 
time for the impulse to travel along the nerve. If then the eathode 
Ve placed far from the muscle and the anode near it, the contraction 
after a breaking shock, when the stimulus starts from the anode, will 
ocour sooner than that which follows the making, when the stimuloe 
starts from the cathoie, because the impulse has a less distance of 
nerve to traverse in the former case. 

In ordinary experiments on nerve, o constant current, ie, one 
coming directly from a battery, is seldom uscd, because there is no 
means of regulating or varying the strength of the stimulation, and it 
is not convenient to make and break the current in order to excite 
the tissue continuously, And further, the more rapid currest 
induced in one coil of wire—the secondary coil—by the making er 
breaking of a current passing through another coil—the primary eail— 
is more effective anil suitable for physiological purposes, The sttrenythe 
of the induced current being approximately in inverse proportion to the 
square of the distance between the two coils—moving the secondary 
away from the primary coil gives a ready means of varying and 
regulating the strength of the stimulus without any special care being 
devoted to the exact strength of the element used. 

DuBois Reymond's Inductorium is the instrament commonly used 
in physiological laboratories, In it the secondary coil ean be moved 
away from the primary on a slide which is graduated, and the 
primary current may be made to pass through a magmetic inter 
Tupter so as to cause a rapid succession of breaks aud makes, and 
thus give a series of stimulations one after another, which i necwsmry 
in onder to produce tetanus. A drawing and farther description of the 
instrument will be found at p. 376, 


Vaxocrry or Nenye Foren. 


It has already been «tated that nerve fibres are capable of eon 
acting impulses in either direction —from or to the nervous 
eentres—the position and the chameter of the terminal onan 
determining the direction in which the nerve force wanally travels: 
In the ordinary peripheral nerves there are generally both kinde— 
offerent and afferent fibres carrying impulecs in different dineetione 
without interfering with one another. 

When wo reflect that the passage of an impure along a nerve is 
brought about by a molecular change in the axis cylinder, we are at 

ouee struck with the rapidity with which imyrewhones wre Veameantiited 
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from one part of the body to another, ‘This surprising velocity is, 
however, only relatively great. When we compare it with the 
velocity of the electric current or of light, we at once see how incom 
parably slower the rate of nerve impulse ix, and that it may, with more 
advantage, be compared with rates of motion commonly under our ob- 
servation. To take every-day examples :—vis, nine metres per second 
is about an fast as the quickest runner can accomplish his 100 yards ; 
muce-horses can gallop about 15 metres a second for a mile or so; a 
mail train at fall speed travels at about 30 metres a second, and the 
velocity of nerve force has been estimated to be in cold-blooded 
animals 27 metres per second ; and in man about 33 metres por sec, 
So that the intercommunications between man's brain and the various 
yurts of his body only travel about the same nite as an express train, 
and about twice as fast as the quickest horse can gallop. 

In order to measure the rate of tranamission of nerve force, different 
methods may be employed ; the simplest of which isto make a muscle 
draw two curves one over the other, with a good myograph such asde- 
scribed in Chap. XVI, p.382,in one of which the stimulation is applied 
to the nerve clow to the muscle, and in the other, as far ax possible 
away from the muscle. The difference in length of the latent period, as 
estimated by the tuning-fork tracing, corresponds to the time the 
impulse has taken to travel along the part of the nerve between the 
two points of stimulation, 

Utilising the fact that the extent of deflexion of the needle of a 
galvanometer is in proportion to the duration of a current of known 
strength passing through it for a short time, an sccurate measurement 
of the difference in time, of remote, and near or direct stimulation of 
a nerve, may be made, By a special mechanism the time-measuring 
current is sent through the galvanometer at the same moment that 
the stimulating current goes through the nerve, and the instant the 
anuscle begins to contract, it breaks the current passing through the 
galvanometer, so that this time-measuring current lasts only from the 
moment when the nerve i# stimulated until the muscle begin to 
contract. 


Tae Exeormc Cuaxon ix Nenve, 


Negative Variation.—The natural current of a nerve, like that of 
muscle, undergoes a diminntion at the moment the nerve ia stimn- 
lnted ; this is termed the negative variation, It occurs with any athex 
form of stimulation as well as when an electric hock Ys well, wo Ns 
not dependent on an escape of the stimulating current. “Yn One cane ch 
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single stimulation, the negative variation isso. 
only 0005 sec,, that the inertia of the needle of the galvanometer 
prevents the change in the current being indicated, In tetanus, how- 
ever, it makes a decided impression on the galvanometric needle. 
The strength of the negative variation depends on the condition of 
the nerve and the strength of the stimulus; being stronger when the 
nerve is fresh and irritable and has a good natural ¢urrent, asl 
when a strong stimulus is applied, 

‘The negative variation of the natural currents paome, 
nerve from the point of stimulation in both direetio 
the nerve impulse; and with a galyanometer the 
may be traced from the nerve to the muscle. on 
been made out that the negative variation travels along the 
just the same velocity as the impulse does from the 
tion 3 ‘ly, about 27 metres per second ; and far 
said to be influenced in the same way by the passage of 
current through the nerve (to be presently described) as 

























the nerve impulse and the negative variation are id 
peculiar electric chunge and its accompanying impulse 
along the nerves as a kind of wave of activity, the 
duration of which we know to be 27 metres per sec, and 
sec. reapectively ; the length of the wave we therefore 
be about 18 millimetres. 


ELxcrnoronus, 


“ 
If the two poles Jeaiing to a galvanometer be applied tu the 

centre, aud to the end of a nerve respectively, 80 a8 to 

natural current, and at the same tine another part of the nerve he 

placed in the circuit of a constant current from a battery, when the 

circuit of the constant (now called polarising) herpetic 

® change is found to take place in the natural current; this 

called eleetrotonns, Instead of the natural currents from the: pao 

to the pole of the nerve, a current is found to poss through the 

entire length of the nerve in the same direction ws the polarising 

current from the battery, This electrotonio current ix mot 

tional to the strength of the natural currents, and is to bo 

when the latter are no longer to be found, ‘The electrotonic enrrwnt 

in stronger with a strong polarising current, and is most marked is 

the immodiate neighbourhood of the poles failing gradmally away ee 

on passes to the remoter parts of The werve. "Che elections atate 
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is not to be attributed to an escape of the constant polarising current, 
because it decreases yradually with the waning of the physiological 
activity of the nerve, and ceases at the death of the nerve long before 
the tissue has lost its power of conducting electric currents, More- 
over, it has been shown that a ligature applied to the nerve so as to 
destroy its physiological continuity, but not its power of carrying 
electric currents, prevents the electrotonic current passing to the part 
of the nerve which is thus separated. 








Fig. 202—Dingram to illustrate Elooteotomus. 


x. ®', Portion of Nerve. o. of. Galvunometers, p, Battery from which polwrising 
current can be sent into nerve by closing Key x. ‘The direction of the polarixing 
‘and electrotonio currents is indicated by the arrows, and is noen to be the mame, 


‘The condition of the portion of the nerve near the anode—positive 
yole—is found to differ somewhat from that near the cathode—negative 
pole—and hence it is found convenient to spenk of the region of the 
anode being in the anelectrotonic, and that near the cathode being in 
the catelectrotonie condition. A certain time is required for the produc- 
tion of anelectrotonue and catelectrotonus, a current of less duration 
than ‘0015 of a second being unable to bring about the change ; the 
negutive variation is, therefore, over before the electrotonus has 
commenced, 











Tantramiuiry or Nerve Fioera, 


The irritability of nerves varies according to certain conditions 
and circumstances. While uninjured in the boy, Yae wanaiey A 
a nerve depends upon— 
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1, A perfect supply of blood ¢o as to bear to it the necessary qin 
tity of new material as nutriment, and to carry off any injurious 
effete matters that may be produced by its molecular ehanges, 

% A mitable amount of rest. Prolonged activity causes fatigue 
and loss of irritability, no doubt from the same causes as Were men 
tioned as bringing about fatigue in muscles. The chemical 
taking place in nerves, however, have not yet been made out with any 
degree of accuracy. 

3. Uninjured connection with the nerve centres. When a 
nerve is cut, the part commected with the periphery 
undergoes degenerative changes which som to depend: 
untrition, since they are accompanied by stractural | 
degeneration, ‘This appears to commence in a very short 
the section—cémmonly in about five daya The of the nerve 








remaining in direct connection with the cord, its irritability 
for a very much longer time, » 
In the artificial stimulation, by means of electric shocks: w 


the nerve of a cold-blooded animal, there are many minor 

which have considerable influence on the irritability, as evidenced 
Dy the response given by the attuched muscle to weak stimuli, ‘The 
more fnoportant of these are — ‘ 

1. Temperature changes. In the case of a frog's nerve, a 9 
temperature to 30—40° C, causes an inerease in its excitability. Ale 
a fall of temperature below ero tends to make the nerve more eaaily 
excited, Both these conditions have, however, a very fleeting effect, 
for the nerve soon dies at the temperatures named, and most probably 
the increased irritability is only to be taken as a sign Of approaching 
death, It thus appears thut a medium temperature is the optimus 
for nerve work, 

2 The part of the nerve stimulated, is aleo said to have some 
effect on the result of a given strength of stimulus, The further from 
the muscle, the more powerful the contraction produced, other things 
being equal. So that the impulse is supposed to gather force as i 
goes, as in the case of « falling body, and hence has been #poken of 
as the avalanche action of nerve impulse, 

& A new section of the nerve is sid to increase its irritability, as 
doce, indeed, any slightly stimulating insluence, such na drying, gal 
chemical or mechanical meddling of any kind, This inerease ix 
irritability probably depends upon injurious changes going om fy the 
nerve, as the influences just alluded to Teal to complete Jos of 
excitability if carried too fur. ° 

4. The most remarkable change iw The exaNY Ge ques, 


al 
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is that brought about by the action of a constant current passing 
through the nerve, so as to set up the conditions just described us 
anelectrotonus and catelectrotonus, (a) The irritability of the nerve 
ix considerably increased in the region near the cathode, and it is 
uotably diminished in the neighbourhood of the anode. 

(8) The increase of irritability isin proportion to the intensity of the 
catelectrotonie state, and the decrease in proportion to the intensity 
of the anelectrotonus, Thus the increase is most marked in the 
immediate neighbourhood of the cathode, and fades with the distance 
from the negative pole ; and similarly, the decrease ix strongest at 
the anode, and becomes less and less as it passes away from the 
positive pole, In the same way, in the part of the nerve between 
the two poles—the intrapolar region—the decrease and increase of 
irritability become less marked towards the middle point, between 
the cathode and the anode, so that here we find an unaffected part, 
which has been called the éxdifferent point, 

It is a remarkable fact that this indifferent point is not always 
midway between the two poles, but decreases its distance from the 





Pig, 208.—Dingram flluxtrating the variations of irritability of different parte of « 
nerve during the passage fof polarising currents of varying strength through « 
partion of it, 

4m Anode, » = Catholey ax = Intrapolerdvtict; = Bit of weak current, 
ye = Biffect of medium eurrent, = Effect of strong current. 
The degre of effect i shown by tv atance of the curves from the straight lin, 
‘The part of curve below tho line corresponds to decrease, that above to increase of 
irvitabitity, “Where the curves cross the tine is called the indifferent point, With 
strong currents this epproaches the cathode. (From Foster after Pildger.) 


cathode in proportion as the polarising current is made stronger. 
‘That is to say (y), with strong polarising currents the indifferent point 
is near the cathode (B) ; with weak currents it lies near the anode (A) 
(Fig. 203). 

Besides becoming less inrtable in yroyortion wa the yheahine, 
current becomes more powerful (8), the onclectrotonic, region, 
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the nerve loses its ability to conduct impulses, and may finally, with 
a very strong carrent, even when applied for a short time, become 
quite incapable of conducting an impulse. 

If the polarising current be now opened, so as to stop its pawmage 
through the nerve, and remove the anelectrotonic and the eateleetro- 
tonic states (¢), a kind of rebound oceurs in the condition of beth the 
altered regions, and the part which haa just ceased to be catelectrotomic, 
and was, therefore, over-irritable, becomes, by a kind of negative 
modification, very much lowered in its irritability ; while on the 
other hand, the anelectrotonie part, by a positive rebound, becomes 
more excitable than in itsnormalatate. The rebowntl over the line of 
normal irritability lasts but a very short time ; but still, a» we shall 
see presently, it is of greater duration than the passage of the negative 
variation along the nerve. 





- 204.— Diagram showing the meaning of the torma ascemfiny and deséemting currents, 
~ used in speaking of the law of contraction, ‘The end of the vertehal eitumm, 
sciatic nerves, and calf muscles of the frog are ahown, while the serows initiede 
the direction of the ascending current 4,0a the left, and the descewsiting creat 
1», om the right, according as the positive pole c o€ the battery ia Relow ot alert 


Law or Cowtractioy. 


‘Upon the foregoing facts (a—e), and others already: 
that the impulse atarts in the nerve from different poles sand with 


= 
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different force, with a making and a breaking shock—depends the law 
of contraction, which would be difficult to understand without bearing 
in mind all these interesting points. 

It was found that, with the same strength of stimulation, not only. 
were different degrees of contraction produced with making and break- 
ing shocks, but also that, other things being similar, a different result 
followed when the current was sent through the nerve in an upward 
direction (i.c., from the muscle), and when it was sent in a downward 
direction (i, towards the muscle), The stimulating current is 
spoken of, in the former case, as an ascending current, and in the 
latter as a descending current. 

The following is a tubular view of the law of contraction >— 


Awxsnixd Cenkesrs | Descesprvo CuMnRTs, 





‘Make = Contraction. 








Work ouimiatin. | Fak =Seropome | 
Modtium — 5, Make = Contraction, } 
| Pala oemebe. | | 
~ Make = No response, traction. | 
Grong’ os | Hreak = Contraction. } Direak = No response, 


‘To explain this law the following points must be kept in view — 

1. In a breaking shock, it is the disappearance of aneloctrotonws 
which causes the stimulation. 

2 Ina making shock it is the appearance of catelectrotonue which 
causes the stimulation. 

3. With the same current the mate is more powerful than the 
break. 

4. Anelectrotonus causes reduction of irritability and conductivity. 

5, Catelectrotonus causes increase of irritability, 

6. With ascending currents the part of the nerve next tothe muscle 
is in a state of reduced functional activity (aneleetrotonus). 

7. With descending currents the part of the nerve next the musele is 
in a state of exalted activity (catelectrotonus), 

8 The reduction or exaltat of activity is much greater with 
strong currents, 








‘That only making shocks canse contrition with very weak cur- 
rents, simply depends on the greater efficacy of the entrance of 
catelectrotonus into the nerve, which causes the making stimulation, 

That contraction follows in all four cases, with medium stimula, 
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tion, is explained by assuming that the depression of the functional 
activity of the nerve is not sufficient to affect its conductivity. 

‘The want of response to a making shock, in the case of the strong 
descending current, depends upon the fact that the part of the nerve 
near the muscle, around the anode, is in a state of lowered activity, 
and is, therefore, unable to conduct the impulse which has to pas 
through this region from the cathode, where the stimulation taker 
place, in order to reach the muscle, 

‘The absence of contraction at the breaking of a strong descending 
current, is caused by the same lowering of the bepeecprtot nn 
nerve between the point of stimulation and the muscle, beoanse 
the ceseation of strong cutelectrotonus, the region near the pan 
rebounds from exalted to depressed activity, and ut the moment of 
etimulation the greater part of the intrapolar region is an 
electrotonio, 


‘The specific use of nerve filres in the bedy of the bigher 
animals may be thus briefly stated. They form a means of 
rapid intercommunication hetween distant ports. The 
of the axis cylinder has undergone a «pecial modification, by whieh 
it is enabled to conduct impulses much more quickly than 
protoplasm docs, Even’ the most nearly-related substance, 
tissue, transmits impulses about thirty times more slowly than 
nerve fibre, A highly organised animal body, without nerve fibres, 
would be in a worse condition than a highly organised state without 
a telegraph or even a postal «ystern. 







Fig. 205,—Teetile nerve endings, composed of «nall apne, wh ts eee 
cylinder of the nerve (¢), and (n) meets with many yrotaphamnle waite, 


Nerve Conrvacies on ‘TRaMixats, 


‘Those are the real actors in the nervous operations, while the ibe 
are merely their teans of communicating with one another, One 
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great set of terminals is placed on the surface of the body and ia 
adapted to the reception of the various external influences which are 
brought to bear on it from without byitasurroundings These reccivers 
of extrinsic stimuli are necessarily much varied so as to be capable 
of appreciating all the dilferent kinds of stimulation presented to 
them, They are either distributed over the entire surface so as to 
meet with gencral mechanical and thermic changes, or they are 
farther specialised for the recoption of Iuminous, sonorous, odorous 
or gustatory impulses. In the latter eases the special terminals are 
collected into one part, and usually form complex organs, which will 
Ve describerl presently in the chapters on the special senses. Another 
great set of terminals are placed in the deeper textures, when they 
act a4 local distributing agents; such as the nerve plates on skeletal 
muscles, and the ganglionic networks in the wall of the intestine. 
In many instances, however, the exact mode of connection between 
the nerve and the protoplasm of the tissue elements, to which it bears 
impulees, has not been satisfactorily made out, In the remaining 
claw of nerve terminals the cells are grouped together so as to. form 
larger and smaller colonies, and more definitely deserve the namo of 
nerve or ginglion cella These are the central terminals, and are 
placed either in the cerebro-spinal axis, or in swellings of the nerves 
called sporndic ganglia, 





Fig. 205° —Multipolar cells from the anterior grey column of the «pinal cord of 
the dog-tlsh (9) lying in # texture of fbrile; (b) prolongntion from cella; 
{e) nerve-tibres cut across, (Cadint.) 
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Of these nerve cells there ar: many varieties, all of which have 
the following characteristics, The cells are of considermble sine 
and have processes branching off from them, by means of which 
they communicate with the nerve fibres These processes 
‘be single or many, hence they are spoken of as ani,- bi-, or suulti- 
polar cols, &c, The nuclens is commonly very distinct, and contain 
a well-marked nucleolus. ‘The abundant protoplast, which is usally 
contained in is delicate cell wall, is in direct connection with the asix 
cylinder of the nerve fibres, with which it communicates by means 
of thin strands of protoplasm that pass out from the cell by the pro 
ceszea, A delicate striation of the protoplasm may sometizues be 
recognise, indicating the’ course of the nerve fibrils as they rum into 
the cells from the processes, 


Tae Fuxcrioys or Nerve Cen 

Any mass of living protoplasm, such as an ameba, can peceive 
extrinsic impulses, which affect directly its conditions, and though 
the impresdon may be very localised in its application, yet wil the 
parts of the cell participate in the sensation, and probably take part 
in the resulting movement. 

Besides those ucts of which we can recognise the cause, many 
others occur in an amecba which we are not able to trace to any 
definite cause other than the energies lerived from its special 
of assimilation, We say, then, that not only ean an 
local stimulation, transmit the impulse to remoter parts of ite body, 
and respond by movement to the stimulus but, moreever, ua the 
result of intrinsic processes of a chemical nature, it can inithate im- 
pulses which appear as motions, &. We may conclude frou this 
fact alone that automatic action is one of the vital properties of 
protoplasm, 

Now in the nerve centres we find, certainly in all the more om 
plex animals, that each of these kinds of action is 
uted, eo that different individual cella have each a different met te 
perform, and thus an important division of labour takes place, ‘The 
first act is performed by 3 wonderfully elaborate aet of special engin 
adapted to the reception of the various extrinsic impulses or see 
tions from without, The excitation is then «ent by nerve fibres i 
another great group of central nerve cells, whieh are apparently 
employed solely in receiving thextinuli from the , 
and then distributing the impulses to their neighbours, whiel 
direct, modify, analyse, chuwify, re-Qinvttuate, or Ques Com Nearly, 


z 
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60 that other nerve cells may haye the least possible amount of 
trouble, and at the same time lose none of the advantage that is to 
be gained from the income derived from stimulos coming from 
without. Connected with the last group is another, the nerve eclls 
which lie out of the reach of the ordinary peripheral impulses, but 
are capable of developing within themaelves energies, and can initiate 
impulses with no other aid than that of their nutrition and the 
chemical changes resulting from their assimilation. 

These impulses are distributed to the peripheral active tissues, 
muscles, glands, &e,, probably through the medium of other sets of 
cells analogous to the last group situated in the nerve centres aawell 
as to the local distributors which act as unions between the other 
textures and the nerve fibres, 

‘The functions of these nerve cells which form centres of action 
may be classified thus -— 

1, Reflexion. Many nervous cella are capable of reflecting an 
impulse received by an afferent nerve ; that is to say they vend it by 
an efferent nerve to some active tissue, such as a muscle or gland. 
‘This kind of direction is spoken of a4 « simple reflee action, For 
instance, if a grain of red pepper be placed on the tongue, the 

+ stimulus soon travels from the peripheral receiving terminal, along 
an afferent nerve to its central terminal, which reflects the impulse 
to the efferent nerve, going to the salivary gland, and the reeult is 
an increased secretion of saliva. 

2, Co-ordination. There are but few reflex acts that do not require 
the co-operation af several cells, and these work together in an 
orderly manner, the resulting activity being well arranged and 
usually adapted to some purpose, The firet act of the receiving 
cells of this reflex centre must then be to distribute and direct the 
impulse into those channels which lead to groups of eells capable of 
eending impulses in an onlerly and definite direction. ‘This directing 
and arranging power is spoken of ax co-ordination, and probably is an 
attribute common to all nerve cells. 

3. Augmentation. Usually the force of the reflected efferent im- 
pulse bears a direct relation to the afferent impulse as determined 
by the strength of the stimulua Thus if the amount of pepper on 
the tongue be much increased, not only is the flow of saliva greater, 
but the stimulus spreads from one central cell to another until the 
neighbouring centres are affected. Thus we often find the lachry- 
mal glands are also influenced by very strong stimulation of the 
tongue, und pour out their secretion, as is said, in symyatloy” wh 
the mouth glands, But the amount of the afferent imupeles ia wok 
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the only factor in determining the amount of response to be reflected 
along the efferent channels. Some nerve cells have a distinct power 
of increasing the amount of response to be given toa given stimulus 
When an irritant falls near the laryngeal opening, a very differynt 
effect is produced, and the vastly greater response to an equal 
stimulus depends rather on the augmenting power of some central 
cells than upon any greater sensibility of the local mechanisms, 

4. Inhibition. —Under certain circumstances, such aa pre~oocupation 
&c., which will be more fully explained presently, nerve cells with- 
hold the transmission of a stimulus, or lessen the impulse reflected 
80 a to produce little or no effect, this is called émhidition, 

5. Automatism.—Nerve cells are supposed to have the power of 
originating impulses; ¢., those carrying on operations which 
require to be of a more or less permanent kind, such as the clown 
of the sphincter muscles and the partial contmetion of the mnsely 
cells of the arteries, Automatic actions are sometimes spoken of ax 
those that are continuous and those that undergo thythmical changes 
Tf carefully examined, however, most of the so-called constant auto: 
matic nervous actions will be found to show some traces of rhyth- 
mic relaxation. Nerve cells, with automatic properties, may be 
exercised in proventing reflex actions having their fall effet, ant 
thus they act as aids to the controlling part played by the refer 
cella, And in the same way automatic cells may be influenced 
evon regulated by impulses coming from the periphery to 
econtres in the vicinity, which join forces with the 
centre. Thns the act of respiration may be performed by pam 
automatism, and its centre supplies a good example of an ute 
matic group of cells, Asa matter of fact, however, the 
are regulated by a reflex mechanism, the channels of which reside is 
the vagua nerve. 

Moreover it is in the nerve cells that we must seek mental 
under which term may be considered perception, volition, 
and memory. It is very difficult to allocate the due proportions wf 
reflexion, co-ordination, angmentation, inhibition, nutomatiom, Ae, 
requisite for the development of what we must call mental faculties 
but there can be no doubt that the mind must be the remultans of a 
Jong series of external and internal excitations, modified by intrinse 
influence, and acting upon innumerable groups and masses of gerve 
cells, the general outline of which has heen rough-hewn by here 
ditary tendeney, 
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CHAPTER XXIX. 
SPECIAL PHYSIOLOGY OF NERVES. 


Srivan Neavns. 


‘Tur thirty-one pairs of nerves which leave the vertebral canal by 
the openings between the vertebr are called spinal nerves, in contra 
distinction to the cranial nerves, which come out through the base of 
the skull. They are attached to the spinal marrow by two bands, 
the anterior and posterior “roots,” which unite together in the inter+ 
vertebral canal to form the trunk of the nerve. Just before the 
Junction of the two roots the posterior one is enlarged by a ganglionic 
welling. 

The spinal nerves are all “mixed nerves," that is to say, they 
contain both efferent and afferent fibres ; but these two sets of fibres 
ran separately in the anterior and posterior roote of each nerve, The 
spinal nerves are thus joined to the spinal marrow by two nervous 
cords, each one of which contains only efferent or afferent channels, 
About seventy years ago Charles Bell discovered that the anterior 
roots carry the efferent fibres and the posterior the afferent. Hence, 
the anterior are commonly spoken of as the motor roots, and the 
posterior ns the sensory roote of the spinal nerves. The experiment 
to show this difference is simple, but requires very delicate manipu- 
lation, If the anterior roots of the nerves supplying the hind leg of 
a recently-killed frog be divided, the muscles of the limb are out olf 
from the centres in the spinal cord, and therefore the leg hangs limply, 
and does not move if it is pinched when the frogis suspended ; whereas 
the limb on the sound side, upon which the anterior mots are intact, 
will move energetically when the motionless one is irritated. If the 
distal ends of the divided anterior roots be stimulated, the muscles of 
the paralysed limb are thrown into action ; bat «timulation of the 
proximal end gives no result, Further, if the two webs of Usha Korg, 
be compared, the Lood-vessels running across the Yaammparent yas 

* 
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the web on the injured side will be found to be faller than these is 





roots are stimulated, the dilated blood-vessels return to their normal 
calibre, By these experiments we are shown that, together with 
fibres to the skeletal muscles, efferent fibres carrying impmlses to the 
muscular walls of the vessels are contained in the anterior roots of 
the spinal nerves, 

The fact that when the leg on the side where the anterior roote 
have been severed is stimulated, moves the other, is snfficient to show 
that the sensory connections between its surface and the cord are 
not destroyed by cutting those anterior roots ; and wemay conelinle— 
taking the other facts just mentioned into acoount—that the afferent 
fibres are situated in the posterior roots, 

We can confirm this result by cutting the posterior roots on one #ille 
of a recently-killed frog, and repeating the stimulation of the feet. 

Pinching the limb whose posterior roots are cut, gives ise to te 
response, hecause the impulses cannot reach the spinal cor; bat 
stimulation of the sound foot causes obvious movements of beth lem 
‘This shows that the section of the posterior roots of one Himly eute 
off the afferent (sensory) communication on the side operated on, Vat 
that the efferent (motor) impulses can pass freely to the muscle, 
even when the posterior mots are divided, for the limb moves Gn 
pinching the other foot. Further, if the proximal ends of the ext 

rior roots be stimulated, motions are produced showing that the 
am in the spinal cord are influenced by the afferent 
Hed by those posterior roots. On the other hand, if the distal eit 
of the cut roots be stimulated no movement results, ° 

Tt has been sometimes found that stimulation of the anterior met 
seemed to cause pain, as shown by the motion of other parte besiler 
those to which this root was iteelf distributed ; and it was = 
some sensory fibres must run in the anterior roote. But §t has beer 
since found that if the posterior roots be first cut these signs — 
are not shown when the anterior roots are stimulated. From 
haa been concluded that'the apparent sensory channels of the moter 
roots are nothing more than some sensory fibres which jase from the 
nerve trank a little way up the motor root, and then turn thck asl 
descend again to the junction of the roots, whence ‘Tess alowg the 
yxsterior root to the cond. These fibres are mero 
sensory fibres,” and the recurrent sensibility of the 
not regarded as any serious departure from Bell's law, 

The course of the secretory, &c., nerves probably follows 
the motor channels at their exit frou Une cork, "Sade us 


SPINAL GANGLIA, 435 


tribution, and that of the vaso-motor nerves, are intimately cone 
nected with the sympathetic aystem, and will be considered further on 





Fig. 200.—Seetion through spinal ganglion of showing ganglion cells intersporsed 
Tebreea the ftnen, (Low power.) = wn 


Of the function of the ganglia on the posterior roots of the spinal 
nerves but little is positively known, ‘There is no evidence of their 
being centres of reflex action, nor ean they be shown to possess any 
marked automatic activity, From the fact 
that when a mixed nerve is divided the 
end ent off from the ganglion degenerates 
after a few days, these ganglia are supposed 
to preside over the nutrition of the tissue 
of the nerve itself. And if the roots be 
cnt, that part of the posterior root attached 
to the conl degencrates, while the piece 
connected with the ganglion Ss well nour- 
ished. ‘This ix not the case if the anterior 
root be divided, but, on the contrary, that 
portion next the cord is well nourished, 
while that going to join the posterior root 
is degenerated, 

It would thus appear that the trophic 
function of the ganglia is restricted to 
the sensory nerves, W the nutrition 
of the motor nerves is provided for by 
nervous centres situated higher up, 
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‘Tue Craxiat NERVES, 


‘The nerves which pass out through the foramina in the 
the skull must be considered separately, as the function of 
them shows some peculiarity. Some are exclusively 
special sense, and may be most conveniently described 
special sense organs are under consideration, Some i 
being purely motor in function, while others are exceedingly 
plex, containing many kinds of fibres, They may be taken in 
order of their functional relationships, motor and mixed. 
which relate to the special senses will be considered in 
chapters, 


i 
eyeede itl 


UL—Tue Motor Oovrt Neave, 


‘The nerves of the thind pair are the chief motor nerves of the eyes 
‘They arise from the grey matter on the floor and roof of the aqueduct of 
Sylvius, and pass out of the brain substance near the pons from betwee 
the fibres of the peduncle, and then ran between the posterior cerebral 
and superior cerebellar arteries, They pass into the orbits in te 
Dmanches, and are distributed to the following orbital muscles -—{I) 
elevator of the eyelid ; (2) the superior, (3) inferior, and (4) internal 
recti, and (5) the inferior oblique. ‘They also contain fibres which 
carry eflarent impulses to the (1) cireular muscle of the iris, and te 
the (2) ciliary muscle, ‘The latter branches reach the eye by & abort 
twig from the inferior oblique branch, which goes to the efliary 
ganglion, and thence enter the ciliary nerves. 

The action of the orbital muscles is, in the main, under the ountel 
of the will, though they afford good examples of peculiar co-onllae 
tion and involuntary association of movements The contraction of 
the pupil by the action of the circular muscle (sphincter ppupitie) + 
‘a bilateral reflex act, the afferent agains of which originates 4 
retina, passes along the optic nerves, and is transmitted, probably 
the corpora quadrigemina, to both the third nerves, ‘The centr! 
extremities of the third nerves must have an intimate connection with 
each other and with the optic nerves, for the diminution in sae 
of the pupils follows accurately the increase In intensity of the light 
to which even one of the retin is exposed. In retinal blindness ant 
after section of the optic nerve the pupil is dilated. "The netion of 
the ciliary muscle may be said to be voluntary, since We oan volume 

tarily focus our eyes for near or far objects, Contraction of the 
sphincter pupille and of the Wwteroa) recns Ss waanelated wih the 
contraction of the ciliary wurele \n neconumadation, 


» | 
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Injury or disease of the third nerve within the cranium gives rise to 
the following group of phenomena :—(1.) Drooping of the upper lid 
(Ptosis). (2.) Fixation of the eye in the outer angle (Luscitas). (3.) 
Dilatation and immobility of pupil (Mydriasis), (4.) Inability to 
focus the eye for short distances. 


IV.—Tue Trocuiean Nerve. 


‘This thin nervous filament arises under the Sylvian aqueduct, and 
passes into the superior oblique muscle, to which it carries voluntary 
impulses, which are involuntarily associated with those of the other 
muscles moving the eyeball. Paralysis of this musele causes no very 
obvious impairment in the motions of the eyeball when the head is 
held atraight, but it is accompanied by double vision, so there must 
be some «lisplacement of the eye-ball. When the head is turned on 
one side the eye follows the position of the head instead of being held 
in fits primary position, In paralysis of this nerve a double image is 
seen only when looking downwards, and the image on the affected 
side is oblique and below that seen by the sound eye. 





VL—Tae Anpuctok Nerve or Tae Err, 


‘This arises in the floor of the fourth ventricle, and appears just below 
the pons Varolii, It is the motor nerve of the external rectus muscle 
of the eye, Paralysis or section of it causes internal squint, 


VU.—(Poutio Dura) Motor Nerve or rar Face, 


‘This nerve arises from a grey nucleus in the floor of the fourth 
ventricle, It passes with the other part of the seventh (portio mollis) 
or auditory nerve into the internal auditory meatus of the temporal 
bone, It first passes out towards the hiatus, and then turns at 
right angle to form a knee-like swelling (geniculate ganglion), and 
then runs backwands slong the top of the inner wall of the drum, 
and passing downwanls through a special canal in the bone, comes 
out at the stylo-mastoid foramen, and finally spreads out on the side 
of the face. It is essentially an efferent nerve, being partly motor 
and partly secretory, though its connections have caused afferent 
functions to be ascribed to it. Its distribution may be thus briefly 
summarised j= 

i, Motor sibres—(1.) To the muscles of the forehead, eyelid, nose, 
check, mouth, chin, outer ear, and the platyama, which may we grange 
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together as the muscles of expression. (2.) To some muscles of mae 
tication, viz, buccinator, posterior belly of digastric, and the stylo- 
hyoid—all the foregoing being supplied by external branches— 
while in the temporal bone it gives a branch to (3) the stapedius 
muscle, and also a branch from the geniculate ganglion named the 
great superficial petrosal nerve, which after a cireultous course is 
supplied to the elevator and azygos muscles of the palate and uvala 

ii. Secretory fibrex—(1.) To the parotid gland by the emall super 
ficial petrosal ‘nerve, which sends a brinch to the otic gauglion. 
whence the fibres pass to the auriculo-temporal nerve, and then on 
to the gland. (2.) To the sub-maxillary gland by the chorda tympani, 
which after traversing the tympanum eaves the ear by @ fissuns at 
ita anterior extremity, then joins the lingual branch of the fifth te 
separate from it and pass into the sub-maxillary ganglion whieh Hee 
in close relation to the gland (compare figs. G4 and 65). 

iii. Vaso-motor, or vaso-inhibitory influences, are chietly ean- 
nected with the secretory function, since dilatation of the vessels of 
the glands accompanies the increased secretion that follows stimula 
tion of the nerves going to the glands, 

iv. The following afferent impulses are said to travel along the 
‘track of the portio dura and its branches :—(1.) Special taste-senss- 
tions, which are chiefly located in the chorda tympani branel, may be 
explained by the branches of communication which pass from the 
trunk and petrous ganglion of the glosso-pharyngeal to the portle 
dura at its exit from the foramen, or by the connection in the drum 
of the ear between the tympanic branch of the glosso-pharyngeal 
and the geniculate ganglion of the portio dura through the lewser 
superficial petrosal nerve. (2) Ordinary sensations, which are alse 
located in the chonla tympani, are said to traverse this nerve in an 
afferent direction until it comes near the otic ganglion, when the 
sensory fibres leave the chonla and pass to the inferior division of 
the fifth nerve through the otic ganglion. 

Injury of the facial nerve in any of the deeper parts of ite coune 
gives rise to the striking group of «symptoms known aa facial paralysis, | 
the details of which are too long to be given here. When it ix remem 
bered that muscles aiding in expression, mastication, degintition, 
hearing, smelling, and speaking, are parslysed, and that taste, salivary 
secretion, and possibly ordinary sensation are impaired, ome oan furs 
some idea of the complex pathological picture such & ease presenta, 


sal 
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V.—N, Trickwixvs, on Triractan Nerve. 


This nerve transmits both efferent and afferent impulses, which, 
however, are carried by two different strands of fibres, The motor 
part, which arives from a grey nucleus in the floor of thé fourth ven- 
tricle, is much the smaller of the two, and has been compared to the 
anterior root of a spinal nerve, The large sensory division kprings 
from a very extensive tract, which can be traced from the pons Varolii 
through the medulla to the lower limit of the olivary body, and on 
to the posterior cornua of the spinal marrow. This set of fibres has 
been likened to the posterior root of a spinal nerve, being some- 
what analogous to it in origin, function, and the fact that there ia a 
large ganglion on it within the cranium. 

‘The distribution and peripheral connections of this nerve are some- 
what complicated, and should be carefully studied when the manifold 
functions of its branches are being considered. The various impulses 
conveyed by the tri-faeial nerves may be thus enumerated -— 


i.—Errerest Fronns, 


1, Motor.—To the muscles of (1) mastication, viz, temporal mas- 
seters, both pterygoids, mylohyoid, and the anterior part of the 
digastrics ; (2) to the tensor muscle of the soft palate; and (3) to 
the tensor tympani. (4) In some animals (rabbit) nerve filaments 
also pass to the dilator muscle of the iris, reaching the eyeball by the 
ciliary ganglion, 

2. Secrefory.—The elferent impulses which stimulate the cells of the 
lnchrymal gland to increased action, pass along the branches of the 
ophthalmic division of this nerve. 

3. Viaso-motor—The nerves governing the muscles of the blood 
vessels of the eye, of the lower jaw, and of the mucous membrane of 
the cheeks and gums. 

4. Trophic-—On account of the impairment of nutrition of the eye 
and the mucous membrane of the mouth, which occurs after injury 
of the fifth nerve, it is said to carry fibres which preside over the 
irophic arrangements of these parts. 


ii —AFPEREST Freres, 
1. Sensory.—All three divisions of the tri-facial nerve may be said 
to terminate in eutancous nerves, by which the ordinary sensory 
impulses are carried from—(1) the entire akin of Yue face, wn 
the anterior surface of the external ear; (2) from The exverash 
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auditory meatus ; (3) from the tecth and the periosteum of the 
&e.; (4) from the mucous membnine lining the cheeks, the 
the mouth, and the anterior part of the tongue; (5) from the 
membrane of the nasal cavity ; (6) from the conjunctiva, the 
the eye, and the orbit generally; (7) and from the dura 
including the tentorium, 

2. Excito-motor.—Some of the fibres which have just been 
merated a8 carrying onlinary senaory impressions, have special 
powers of exciting co-ordinated reflex motions, Thus the sensory 
fibres from the conjunctiva and its neighbourhood are the afferent 
channels in the eonton reflex acta of winking and closing the eye- 
lids ; and the fibres from the nasal mucous membrane commonly 
excite the complexly co-ordinated involuntary act of 

3. Excito-vecretory,—In the same way, as in the case of reflex motion, 
socrution is reflexly excited by the fibres which carry afferwnt iinpulees 
to the medulla from the anterior part of the tongue, when the batter 
is strongly stimulated, and thas excite activity of the salivary ager 
tion; and severe stimulation of the mucous membrane of the nose et 
of the eye causes impulses to pasa to the secretory centro of the 
lachrymal glands, which axe frequently thus retlexly excited. 

Very intense stimulation of almost any of the afferent nerves 
excite these reflex phenomena. Thus the most stoic person will 
enee active secretions of ealiva and lachrymal fluid, as well as 
modlic closure of the lids during the extruction ofa tooth. Even the 
bold use of a blunt razor will cause the tears to flow down the chooks 
by sending excito-seeretory impulses along the branches of the inferior 
and superior maxillary division of this nerve. 

4. Tactile impulece are appreciated by the anterior part of the 
tongue with remarkable delicary, and are conveyed by the Hngust 
‘branch of the fifth nerve ; and most of the cutaneous fibres are abe 
capable of receiving tactile stimulation, 

5, Tnate.—The tastes that are appreciated by the anterior part aid 
the edges of the tongue are curried by fibres whieh lie in the peripheral 
branches of this nerve. Those, however, probably belong chietty, if 
not altogether, to the chorla tympani, and leave this lingual branch 
of the fifth to join the seventh nerve on their way to the trank of the 
glosso-pharyngeal. 


‘There are four ganglia in close relation to the branches of the fifth 
nerve which have certain points of similarity, and may, 
considered together, although their different positions show thas 
Are engaged in the performance of very different functions, . 
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We have not yet been able to ascertain the value of these little 
points of junction of motor, sensory, vaso-motor, and secretory fibres, 
Ddecause, so far, we are unable to attribute to the cells of the ganglia 
either reflecting or controlling action, or any automatic power, 

‘They all have efferent (motor and secretory) and afferent (sensory) 
connections with the nervous centres, and also connections with the 
main channels of the sympathetic nerves, These are spoken of as 
the roots of the ganglia, Their little branches are generally mixed 
nerves, 


Taw Crotary on Orurmanmic GaNaLios. 


‘This ganglion lies in the orbit, It has three roots, which come 
from—(1) the inferior oblique branch of the third nerve, by a short 
slip, which forms the motor root ; (2) from the nasal branch of the 
ophthalmic division of the fifth, and from the carotid plexus of the 
sympathetic. The branches go mostly to the ball of the eye, and 
may be divided into those which are afferent and efferent, The 
afferent are only sensory branches, connecting the cornea and its 
neighbouring conjunctiva with the centres, The efferent, or motor. 
fibres, are those that go to the dilator pupillw (coming mostly from 
the sympathetic), and the vaso-motor fibres going to the choraidl coat, 
iris, and the retina, 


Tax SrHRNoraLaTINE OR Nasat Gasouioy. 


‘This lies on the second division of the fifth nerve, from which it 
gets its sensory root. Its motor root comes from the seventh by the 
great superficial petrosal nerve, and its sympathetic root from the 
carotid plexus by the brinch joining this nerve, These enter 
the ganglion together, and are commonly spoken of as the vidian 
nerve, Afferent (sensory) impulses, from the greater part of the 
nasal cavity, pass through this ganglion, Its efferent branches aro— 
(1) motor to the elevator of the soft palate and the azygos uvulm ; 
(2) vaso-motor, whieh come from the sympathetic ; and (3) secretory, 
which supply the glands of the cheek, &e. 


‘One on Ear Gaxcutoy. 


The otic ganglion lies under the foramen ovale, where the inferior 
division of the fifth comes out of the cranium. Its roots are— 
(1) motor; und (2) sensory, from the inferior division of the fifth ; 
and (3) sympathetic, wade up of a couple of fine filaments from 
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the plexus, around the meningeal artery, By its branches it com- 
municates with the seventh, chorda tympani, and sends filaments to 
the parotid gland. 


Tar SopMAXILLARY GaNGLioxs 


This ig on the hyoglossus muscle in close relation to the Tingual 
‘branch of the fifth, from which it gets a sensory root. ‘The chonla 
tympani passes to the ganglion, carrying efferent impulses through 
it to the gland. Its sympathetic branches come from the plex 
around the facial artery. 


VILL.—THe Grosso-PHaRysGral NERVE. 


‘This norve forms part of the eighth pair, springs from the fluer ef 
fhe fourth ventricle above the nucleus of the vagua It is a nixed 
nerve, the functions of which may thus be classified. 

Afferent fibres, which are of various kinds, vins— 

(1) Sensory jibres, carrying impulses from the anterior surface of 
the epiglottis, the base of the tongue, the soft palate, the tomeils, the 
Eustachian tube and tympanum. 

(2) Eecito-motor. This nerve is a very important oxeiter of reflex 
movements in swallowing anid vomiting, when a stimulus is applied 
to the glosso-palatine arch. 

(3.) Excito-secretory, the stimulation of the back of the tongue give 
rise to a copious flow of saliva by means of reflex action, 

(4.) Taste sensations are, for the most part, carried by this 
they are conveyed from special nerve-endings im the bach 
tongue (see Taste), 

The efferent fibres are not so varied, being simply motor 
middle constrictor of the pharynx, the stylo-pharyngeus, the 
of the soft palate, and the azygos uvulic, 


eee 
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Tue Sermvat Accessory Nerves, 


‘These also form part of the eighth pair of nerves, and arise from 
the oblong and the spinal marrow, as low down as the sewentl em 
vical vertebra. The lower fibres leave the lateral columuns af thelr 
posterior aspect, and then run up between the denticulate ee 
and the posterior roots of the spinal nerves to enter the 
cavity, On their way out of the cranium they divide into twe pata, 
one of which becomes amalgamated with the vagus, and the other 


— 
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passes down the side of the neck as the motor nerve of the sterno- 
mastoid and trpezius muscles, Physiologically, it may be com- 
pared with the anterior root of a spinal nerve, and the part accessory 
to the vagus most probably supplies that nerve with most of ita motor 
branches, 


Tar Vacus Neeve 

‘The vagus arises from the lower part of the floor of the fourth 
ventricle, and has connections with many of the important groups of 
nerve cells in this neighbourhood. 

The functions of its widely-distributed fibres may be thus brielly 
stated :— 

A. The Errennxt Frnnes may be divided into— 

1, Motor-nerce channels, going to 4 great portion of the alimentary 
tract and the ain-passage; the following muscles getting their motor 
supply from the branches of the vayus—the pharyngeal con- 
strictors, some of the muscles of the palate, the asoplagus, 
the stomach, and the greater part of the small intestine, Motor 
impulses also pass along the trunk of the vague—though leaving the 
cord by the roots of the accessory nerve—to the intrinsic muscles of 
the larynx; these fibres lie in the inferior or recurrent laryngeal 
nerve except that to the erico-thyroid, which lies in the superior 
laryngeal branch, The tracheal muscle and the smooth muscle of 
the bronchial walla are also under the control of the pulmonary 
Dranches of the vagus. 

2 Vaso-motor fbres are said to be supplied to the stomach and 
small intestine, These fibres are probably derived from some of the 
numerous connections with the sympathetic, 

3, Inhibitory impulece of great importance for the regulation of the 
forces of the ciroulation pass along the vagus to the ganglia of the 
heart, As already explained in detail (ee p. 224), these fibres are 
always acting, a8 shown by the fact that section of the vagi causes a 
considerable quickening of the heart-beat, On the other hand, if the 
distal end of the ent vague be stimulated, the heart beats more 
slowly, and in some animals may come to a standetill in a condition 
of relaxation. 

B, The Arrxnext Frones still more widely spread, are important 
for the fanctions of the various viscerm, They are »— 

1, Sensory fibres carry impulses from the pharynx, wsophagus, 
stomach, and intestine, and from the larynx, trachea, bronehi, and 
the lings generally, The pnetmenia which follows section of the 
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vagi depends on—(1) the removal of the sensibility, and theense with 
which foreign matters can enter the aiv-passages ; or (2) the yioleut 

ing necessary when the motor nerves of the larynx are ent; or 
(3) the injury of trophic or vaso-motor fibres, 

2. Excito-motor nerces. There is no nerve thatcan be compared with 
the vagus in the variety of the reflex phenomena in which it 
pates. Afferent fibres in this nerve cause spasmof the muscles of 
the thorax and govern the respiratory rhythm, and preside over the 
inhalation of the air and excite the expinitory muscles, "Thus feri- 
tation of the mucous membrane at the root of the tongue, the folds 
of the epiglottis, larynx, trachea, or bronchi, causes spasmodic fits of 
coughing. Irritation of the pharyngeal or the gastric fibres gives 
rise, by reflex stimulation, to the uct of vomiting. 

Stimulation of the proximal cut end of the trank of the vages 
causes inspiratory effort and cessation of the breathing movements in 
the position of inspiration. Stimulation of the central eut end of the 
superior Jarynyeal branch, causes retlex spasm of the muscles of the 
larynx and a fixation of the expiratory muscles in the position of 
expiration. The fibrea which regulate the respiratory rhythm. conalit 
of two acts, probably passing from the lungs to the inspiratory aml 
expimtory centres, and causing each to act before its ordinary ule 
maticem would transmit any discharge of impulse to the thorede 
muscles, 

In the laryngeal branches are fibres which bear centriftagal frapullace 
to the vaao-motor centres in the medulla, and excite the centres te 
action. ‘These, which may be grouped with the exeito-motor channel, 
ure spoken of as“ pressor” fibres, from the influence they exert upon 
the pressure of the blood in the arteries, 

3. Eecito-inkibitory tibres pass from the heart to the yasoumetor 
centre. Stimulation of these fibres, which take somewhat different 
courses in different animals, checks the tonic action of the vaso-moter 
centre, and greatly reduces the blood pressure. Henee these fibro 
form the depressor neroc. Its terminals in the heart are stimalatel 
by distension of that organ ; aud the vaso-motor centre ia therehy 
inhibited, the arteries dilate and the blood pressure falla mo thet 
the over-filled heart can empty itself, 

4. Exeito-scerctory fibres. Stimulation of the gastric endings of the 
vagus causes not only gastric, but also the salivary secretion, whieh 
occurs aa & precursor of gastric vomiting. 

Section of both vagi in the neck causes the death of the animal 
within a day or two after the operation, and the 
may be olwerved while it lives :—1. The heart-heat is 


HYPOGLOSSAL NERVE. 445 


as shown by the increased pulso-froquency. 2. The rate of breathing 
is very much slower. 3. Deglutition is difficult, the food easily 
passing into the air-passages through the insensitive larynx. 

Section of the superior laryngeal nerves is followed by slight slow- 
nes of breathing, loss of sensibility in the larynx, entrance of food 
into the air-passages, chronic broneho-pneumonia, and death, 

Section of the inferior laryngeal nerves gives rise to the same final 
result, because the muscles of the larynx are paralysed, and closure 
of the glottis is impossible. A change in voice follows the section 
or injury of even one inferior laryngeal, aa may often be seen in 
man from the effect of the pressure of an ancurism. 


TX.—HyrooiossaL Nerve. 


This nerve appears in the furrow between the olivary body and 
the anterior pyramid, on a line with the anterior roots of the spirial 
nerves, It corresponds with the anterior roots in function, being 
a purely motor nerve. It bears impulses to the muscles of the tongue 
and the other muscles attached to the hyoid bone. 

Some sensory fibres lie in its descending Wanch, but these probably 
are derived from the vagus or trifacial nerves, with which its branches 
inosculate, 

It is also said to contain the vaso-motor fibres of the tongue, 

Section of the nerves causes paralyeis of the museles of the tongue ; 
when this is unilateral, the tongue inclines to the injured side, while 
being protruded from the mouth ; but while being drawn in, it passes 
to the sound side. This is easily understood when it is borne in 
mind that the two acts depend upon the intrinsic muscles of the 
tongue, bringing about an elongation or shortening of the onan 


respectively, 





CHAPTER XXX. 


SPECIAL SENSES, 


Tr has been pointed ont that the sensory nerves reccive Impressions 
from without and carry the impulse thus excited more or less dineetly 
to certain nerve cells inthe brain where it becomes 4 senaation, The 
afferent nerves are, then, the means by which the mind became: 
acquainted with occurrences in the outer world, as well as the chan 
nels along which « variety of stimuli pass to nerve centres whence 
they ane reflected to different organs and parts, without eausing aay 
definite sensation in the nerve cella of the sensorium, 

The ordinary sensory nerves are brought into such relationship to 
the surface that they are affected by slight mechanical stimuli, which 
throw the nerve fibres into activity, and send impulses to the brain. 
But we are capable of apprecinting many other impressions besides 
mechanical stimulation. We can distinguish between degrees of heat 
and cold, when the difference is far too slight to act as a direet mere 
atimulus, We can appreciate light, of which no degree of intemsty 
is capable of exciting a nerve fibre to its active state, or of 
lating an ordinary nerve cell in the least degree. We recognise the 
delicate air-vibrations called sound, which would have no effect on wk 
onlinary nerve ending. We con also distinguish several tastes ¢ asl 
finally, we are conscious of the presence of incom; 
quantities of subtle odours floating in the air, When the amount of 
the substance is too small to be recognised even by 
analysis, which detects extraordinarily minute quantities, we em 
perceive an odour by our olfactory organs, 

‘There must then be a special apparatus for the reception off each al 
these special impressions in order that the nervous system: be ae 
cessible to such slender influences. In fact special mechanienr 
must exist by means of which heat, light, sound, tastes, and odeer 
are enablel to ack a nerve stiwuli These peculiar inary 


terminals are known os the syedal weue onan, tne Waqvichagy af 
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which is one of the most difficult and most interesting branches of 
study in Biological Seience. 

The nerves which carry the impulses from the varions organs of 
special sense do not differ from other nervous cords, so far aa their 
structure and capabilities are concerned, But besides their special 
end organs they are connected with nerve cells in the brain, the sole 
duty of which is to receive impulses from one of the special sense 
organs and convert tho same into a special sensation, No matter 
by what means a nerve trunk from a special sense ongin be stima- 
lated, the impulse excites in the scnsorium the sensation usually 
arising from stimulation of the special organ to which it belongs. 
Thus electric stimulation of nerves in the tongue causes @ certain taste ; 
mechanical or other stimulation of the optic nerve-trank yives rise to 
the senaation of flashes of light, and a persistent odour may be cause 
by the presence of « bony growth, preaaing upon the olfactory nerve. 

‘The capability of the nerve centres connected with the nerves of 
special sense to give rise invariably to « spocial sensation, is called 
their specific energy, And the special influence, Hight, sound, &e., 
which alone auflices to excite the special peripheral terminal, and 
which the given terminal alone can convert into a nerve stimulus, 
may be called its specific or adequate stimulus, 

Although we habitually refer the sensation to the surface where the 
atimulus is appliod, a4 if we really felt with our akin, and recognised 
sound sensations with our cars, &c., the sensation only occurs in the 
contresin the brain, This is obvious from what has been already said 
of the nerve-fibres of the special sense organs, namely, that if'a stimulus 
be applied to the nerve trunk the same sensation is produced as if the 
specific stimulation had opemted on the special nerve terminal from 
which these fibres habitually carried impressions, This peripheral 
localisation of senaations is really accomplished in the mind, just as 
by a mental act of a different charneter, the impressions com- 
iunicated by the eye are projected into the space about us in our 
thoughts, instend of being referred to tho retina, or thought of as being 
produced in the eye itself, This power of the centres of the sensorium 
to localize impressions to certain points of the skin, and to project 
into space the stimulation caused by the light reflected from distant 
objects, s0 as to get a distinct and accurate idea of their position, is 
the result of experience and habit, which teach each individual that 
when a certain sensation is produced, it means the stitoulation of a 
certain point of the skin, and that the objects we eee are not in ove 
eyes, where the impulse starts, but at some Aistance from we, Ke 
Jearn this from a long series of unconscious experiment eax 
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on in ourearly youth by movements of the eyes with co-operation 
the hands, Even the sensations which arise in the wexitias Saat 
the sensorium, as the result of internal or central excitations, are 
from habit attributed to external influences, and thus we baw 
Various hallucinations and delusions, such as seeing objects or hearing 
sounds which only exist in the brain. 

The eensations produced in our nerve centres as the result of the 
afferent impulses coming from our special sonse organs give rise tom 
form of knowledge called perception ; each perception or frpmule 
causing an appreciable sensation, helping to make up ome knew 
ledge of the outer world and of ourselves, for withont this ‘power 
‘of perception we could have no notion of our own existence and mF 
ideas of our surroundings ; in fact we thould be eut off from al 
sources of knowledge and be idiots by deprivation of all. intelligese 
from without. 

A complete special sense apparatus may then be said to be made 
up of the following parts :— 

1. Aspecial nerve-ending only capable of being exeitod by sped 
adequate stimulus, 

2 An afferent nerve to condact the impulses from the special el: 
organ to the nerve"centre. 

3, Nerve cells forming a centre, which is capable by specific emer 
of translating the nerve impulse into 0 senaation, pe which sensmtea 
is commonly refered to ome local point of the periphery, 

4. Associated nerve centres, capable of pererieing the somsatinny 
forming notions thervon, and drawing conclusions, from. the 
and past perceptions, as to the intensity, position, quality, &e, of the 
external influence, 
















Six Sensations, 


The eensitions arising from the many impulses sent froma the ekit 
come under the head of special sense, and are commonly grouped 
together under the name of the Sense of Towel, This special seme 
may, however, be resolved into a number of specific sensations, eel 


of which might be considered as « distinct kind of 
usually are regarded as simply giving different qualities to 
sensation excited ly the skin, These sensations ara s—(1) Finctile 


Sensation, or sensation proper, by ienns of which we 
very gentle contact, and recognise the leculity of 
Judge of the position and form of bodies ; (2) the 


(3) and the sense of temperature, wa 
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‘The variety of perceptions derived from the cutaneous surface, 
and the large extent of surface capable of reeviving impressions, 
make the akin the most indispensable of the special sense ongans, 
thongh we value this source of our knowledge but little. If we 
could not place our hands as feelers on near objects to investigate their 
surfaces, &c., we should lose an important source of information that 
has contributed largely to our visual judgment. We think we know 
by the look of a thing what we originally learned by feeling it, If 
our conjunetira did not feel, we should miss its prompt warning, 
and our voluntary movemonts could not protect our eyes from many 
unseen injuries that normally never trouble wa. If the skin were 
senseless it would require constant mental effort to hold a pen, and 
our power of standing and progressing would be moat seriously im- 
paired. And how utterly 
cut off from the outer 
world should we be, were 
we incapable of feeling 
heat and cold, the pres- 
ence or absence of cloth- 
ing, 

Nervs-Espixes. 

Although the — end- 

ongane of the nerves of the 


those belonging to the ap- pig, o96,—Doawinee from a section of tnjectd 
panitus of special se t kin, showing throe papitlin, the centznd ane 
ehive Base containing tie corpus), whic 
fect knowledge of their howe ah rl nite: ate Bombe by poole: 


immediate relationships to (Cadint) 

the different qualities or 

varieties of touch impressions. We are familiar with several different 
nerve-endings which are special terminals adapted for the reception 
of certain kinds of impressions, but what kinds of stimuli affect the 
different terminals we do not accurately know, ‘They may be thus 
enumerated ;— 

1. The Touch-corpuscles (Melasner) are egg-shaped bodies situated 
in the papillw of the trne skin, underlying directly the epithelial 
cells of the rete mucosum. ‘They occupy almost the entire papilla. 
‘The nerve fibres seem to be twisted around the corpuscle in a spiral 
manner, while the axis cylinders enter the boily, and the eovering of 
the nerve becomes amalgamated with its outer-wall, The toneli- 

a6 
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corpuscles vary in size in different parts of the wkin ; eet 
larger where the papilla in which they lie are well-developed. The 
exact mode of ending of the axis cylinder da not satisfsctarily 
understood, 

2 End-bulbs (Krause) are smaller than the last and art lew 
generilly distributed over the surface of the body, being localised te 
certain parte. They are chietly found in the conjunctiva andl amos 
membranes of the mouth and external generative organs. 


Fig. 200—End bulb from bomen 
‘conjunctive, treated with osmaic 
acid, showing: 
worth.) 

a, Nerve fre; 4, nwwleus of 
shoath ;¢, nerve fre within core 
4, ells of wore. 


sist of a little vesicle coutaining fluid in which the axis cylinder ols 
nerve terminates, the membrane which forms the vesicle of the bell 
heing fused with the shenth of the nerve, Many ite hagas 
varieties of these bodies have been described, but there seems 
no very definite morphological or physiological ations aaa 
the different varivties, 

3. Touch-cells (Merkel) are found in the deeper Iayors 
epidermis of man as well as in the tongues of birds, 
calla with distinct nuclei and nucleoli. Frequently they are 
together in masses and surrounded by a kind of sheath of 
tissue ; in which condition they resemble touch: 

4. Free nerve-rnelings occur on the surface of the 
mucous membranes, and are seen on the surface of the 
delicate, single stransds of nerve fibrils can be seen after 
passing between the epithelial cells and ending at the 
minute blunted points or knobs, 





CUTANEOUS NERVE ENDINGS, 451 


Naked nerve-fibrils have algo been traced into the deeper layers 
of the epidermis of the skin, where they end among the soft cells of 
the mucous layer, either in branched cell-like bodies (Langerhaus), or 
delicate loops (Ranvier). 

Tn the subcutancous fat-tissue as well as in parts remote from the sur- 
face are lange bodies, easily visible to the naked eye, commonly called — 

5, Pacinian corguacler, They are ovoid bodies made up of a 
great number of concentrically arranged layers of material, of vary- 
ing consistence, with a collection of fluid in the centre in which an 
‘axis cylinder ends, There is no doubt that they are the terminals of 


Pig. 211,—Drawing of termination of nerves on the surface af the rabbit's comes. 
4 Nerve dire of subepithelial network ; & Fine flliree entering epithelium ; 
¢ Tntrn-epithelial network, (IClein.) 


afferent nerves, but if they belong to the sense of touch, which is 
doubtful, it is unknown to what special form of sensation they arc 
devoted, From their comparatively remote relation to the skin, lying 
some distance beneath it and not in it, as are the other endings 
mentioned—they are probably connected with the appreciation of 
pressure sensations rather than those more properly called tuctile, 
‘The sense of touch must be carefully distinguished from ordinary 
sensibility or the capability of froling pain, which i not a special 
but a general sensation, and {s received and transmitted by dif- 
ferent nerve channels, This we know from the fnets, that the 
mucous passages in geneml can reccive and twanamit yainich wot 


not tactile impressions, and that in the spinal cord the Sexe ond 
uo 
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tactile impulses past along distinct tracts, Further, certain marettir 
polsons destroy onlinary sensation without removing the sense w 
touch. This effect is also brought about by cold, when for fustane 
the fingers are benumbed, gentle contact excites tactile fm: 

while the onlinary sensations of pain cm only be aroused with 
difficulty even by severe pressure, 

However, most of the nerves we are in the habit of calling sexery 
nerves convey tactile impressions, and speaking generally age par 
of the outer skin which have the keenest tactile sense ara alee te 
most ready to excite feelings of pain, 

The intensity of the stimulation for the sense of touch sant by 
kept within certain limits in onder that it be mdequate, te, enpabile wt 
exciting the specific mental perceptions, If the stimulns sexcet 
these limita, only a general impression, namely that of pain, & 
produced. 

‘The power of forming judgments by feeling an object differs yey 
touch in differnt parts of the body, Deing generally most keen where 
the surface is richest in touch corptacles, namely, the palmar 
of the hands and foet, and especially the finger-tips, the tongue, te 
Lips, and the face. 

When we feel a thing in order to learn its properties, we male we 
of all the qualities of which our sense of touch is made ty, We 
estimate the number of points at which it impinges on our finger 
tip, we rub it to judge of smoothness, we press it to find out ie 
hardness, and at the same time wo gain some knowledge of ® 
temperature and power of absorbing heat. 

To got a clear idea of our complex semse of touch We nuust come 
each of the different kinds of impressions separately, 


Suxse or Locaurry, 


By this is meant our power of judging the exact position of 
point or points of contact which may be applied to the ae 
Thus if the point of a pin be gently lal on & sensitive bases 
skin wo know at once when we are touched, and if a second 

applied in the ame neighbourhood, we feel the two’ polite phe 
and can judge of their ¢ distance from one another anid thefr fo 
position, When we feel « body we receive impulses from, 
points of contact bearing varied relationships to cach ee 
‘we become conscious of a rough or a smooth surface, 

‘The delicacy of the senso of locality differs very much in diffemat 
parts of the vkin, It is tno aceurete in those parts whieh daw 
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been used as tonch organs during the slow evolution of the animal 
kingdom. 

The method of testing the delicacy of the sense of locality is 
simply to apply the two points of a compass to the different parts 
of the skin, and by varying their position, experimentally, deter 
aiine the nearest distance at which the two points give rise to dis- 
tinct sensations, The following precautions must be attended to in 
carrying out this experiment. 1. The points must be simultaneously 
applied or the two distinct sensations will be produced even at very 
close distances, 2. The force with which the points are applied 
must be equal and minimal, becanse excessive pressure canses a diffa~ 
sion of the stimulus and a blurring of the tactile sense. 3, Com- 
moneing with greater and gmdually reducing the distance of the 
points enables a person to appreciate « less separation than if the 
smaller distances were used at first, 4. The duration of the 
stimulus ; two points of contact being distinguished at a much 
nearer distance if the points be allowed to rest on the part, than 
when they are only applied for a moment, 5, The temperature and 
material of the points should be the same, (6, Moisture of the 
aurfiee makes it more sensitive, 7. Previous or neighbouring 
stimulation takes from the accuracy of the sensations produced. 8 
‘The temperature of the different parts of the skin should be equal, 
as cold impairs its sensibility. 

The following table gives approximately the nearest distances at 
which some parts, which may be taken as examples of the most and 
least sensitive regions of the skin, can recognize the points of con- 
tact by their giving rise to two distinct sensations :— 


Tipofthe tongue. . » Imm. 
Palmar aspect of the middle fngetp a 
Tipofthe now. . Bs ory 
Back ofthohand. . . . WY, 
Plantar surface of great toe =... 18 yy 
Fore arm, anterior surface. ri ppd ig: 
Front of thigh. . dooce rte EM gy 
Over ensiform cartilage. . 2 1 Dy 
Between acapule . . 2) ea eTO)) ae 


If one point of the compass be applied to the same spot, and the 
other moved around 69 a4 to mark out in different directions the 
limit at which the points ean be distinguished as separate, we get an 
area of a zomewhat eireular form, for which the ware vownry chr 
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has been proposed. It would be very convenient to explain this an 
the simple anatomical basis that the impressions of this area wem 
carricd by one nerve-fibre to the brain, and thus but the one s- 
ation could be produced in the scnsorium. But we knovw thir 
cannot be the true explanation, because of the fineta. 
1. No mich anatomical relationship is known to exist, 2, By prac 
tice we can reduce the area of our sensory circles in a manner thet 
could not be explained by the development of new nerve-fibee 
3. If the two points of the compass be placed near the edges of tro 
well-determined neighbouring sensory circles, and so in elation 
with the terminals of two nerve-fibres, they will not give distine 
impressions ; in fact they require to be separated just os far ax if 
they were applied within the boundary of ove of the circles where 
they also give rise to the double perception. 

To explain better the sense of locality it has been supposed that 
sensory circles are made up of numerous «inal areas, fornting » fine 
momic of touch-fielde, each of which is supplied hy one 
and that a certain number of these little fields must intervene between 
the stimulating points of the compasses in order that the sevisoriuat Ihe 
able to recognize the two impulses as distinc. For, although every 
touch-field is supplied by a separate nerve-fibril which carries im 
impulses to the brain, and is therefore quite sensitive, the arrange 
ments in the sensorium are such that the stimull earried from two 
adjoining touch-felds are confused into one sensation: "Thnx, ghia: 
an eilge is placed on our ekin, we do not feel a seriew of points eo 
responding to the individual fields with which it comes in conte, 
but the confusion of the stimuli gives rite to an 
rensation, and we have a right perception of the object touched, 


Tue Srxse or PREssune. 


‘There scems to be a reason for eeparating the perception af 
ences in the degree of pressure exercised by a body from the 
tactile or local impression, If we support a part of the body so 
no muscular effort be called into play in the support of an 
series of weights placed upon the rame area of skin, we ean 
guish tolerably uccumtely between the different weights, Ib 
been found that if « weight of about 30 grammes be placed om 
skin a difference of about 1 gramme can be recognized: we! 
distinguish between 29 and 30 grammes, if they are applied 
one another, If the weights employed are smaller, ® lows difawaet 
can bn detected ; if larger weights are used the ditferenen ius he 
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greater, and it appears that the weightalifference always bears the 
same proportion to the absolute weight used. We can perceive 
a difference between 7} and 74, 14} and 15, 29 and 30, 58 and 60, 
&o,, the discriminating power decreasing in proportion as the absolute 
degree of stimulation increases. 

One of the reasons why the sense of locality is regarded as distinct 
from that of pressure is that the latter is found not to be moat keenly 
developed in the same parts where the impressions of locality are 
most acute. Thus judgment of presaure can be more accurately 
made with the skin of the fore-arm than the finger-tip, which ia nine 
times more sensitive than the former to ordinary tactile impressions, 
and the skin of the abdomen has an aecumte sense of pressure though 
deficient in ordinary tactile sensation. 

It hos been said above that the weights by which presur-sense 
is to be tested should be applied mpidly one ufter the other, ‘This 
fact depends upon the share taken in the mental judgment by the 
function we call memory. In a short time the recollection of the 
improssion passes away and thero no longer exists any sensation with 
which the new stimulation can be compared. 

At best we can form but imperfect judgments of pressure by the 
skin impressions alone. When we want to judge the weight of a 
body we poise it in the free hand, which is moved up and down ao a% 
to bring the muscles which clevate it into repeated action. Hereby 
we call into action a totally different evidence, namely, the amount 
of muscle power required to raise the weight in question, and we 
find we ean arrive at much more accurate conclusions by this means, 
‘The peculiar recognition of how much muscular effort is expendod 
is commonly spoken of as muscle-sense, which may arise from a 
knowledge of how much voluntary impule is expended in exciting 
the muscles to action, but more probably it depends upon afferent 
impulees arriving at the sengorium from the muscles, By its meana 
we aid the pressure-senee in arriving at accunite conclusions of the 
weight of bodies, eo that in the free hand we can distinguish between 
39 grm. and 40 grim. 


TeMPERATORE SENSE, 


We am able to judge of the differences in temperature of bodies 
which come in contact with our skin. Since our sensations have 
‘no acenrate standard for comparison we arv unable to form any exict 
conception of the absolute temperature of the substances we feel. 
‘The sensation of heat or cold, derived from the skin Wek tee 
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These nerve endings are not the sume as those that receive touch 
pressure impressions, because the appreciation of temperature 
rencos ia not most delicately developed in the parts where the 
g sensations are most acute. Thus the checks and the eyelids 


who want a ready gauge of the heat of a body—thus a barber 
hes the curling-tongs to his cheek to measure its temperature 
upplying it to the hair of his client. The middle of the cheat, 
ir, is very senai to heat, while it is dull in fecling tactile 


pressions, 
Whe hand is far from being the best gauge of temperature, for 
‘appreciation ix not developed in a due proportion to the keen- 

of the tactile sensibility. The larger the surface exposed to 

mges of temperature the more aceurate the judgment at which 

z can arrive —the slightest changes being at once recognized 
Wien the entire surface of the hody is exposed to them. ‘The fore 
Ming facts are well known to persons in the habit of testing the 


tire of a warm bath without the aid of a thermometer ; 
do not use the limited surface of a eunsitive tactile fingertip 
plunge the entire arm into the water. ‘The elbow, indeed, is th 
Mitton test nsed by nurmes in ascertaining that the water in which 
| hey are about to wash an infant is not too warm for that purpose. 
Great extremes of heat or cold, such in fact as would act as sti~ 
jali to a nerve fibre, do not give rise to sensations of different 
tures, but simply exeite feelings of pain. Thus, if one 
yes one’s hand into a freexing mixture or into extremely hot 
t it is difficult to may at once whether they are hot or eold—in 
cnses pain being the only sensation produced, 


Grsprat Sexsations. 


We call genoral eensitions those feelings, pleasurable or otherwise, 
hich can be excited in us, without our being able to refer them to 
ternal objects, or compare their sensation with those of the special 
“aeiines; or even to describe their exact mode of perception, Under 
head are enumerated Pain, Hunger, Thirst, Nansea, Giddiness, 
ivering, Titillation, Patigne, &. 
Of these only pain is commonly referred to any given part, and 
attempt to localize pain with exactness soon shows how very 
nt ia our power in this respect in the case of pain antiin tos, ea 
W tactile impressions, Thus when we wucike owe * eer! Rarer 
mur nerve passing over the condyle of the Trusueea®), WS 
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operations have much to do with its production. A child, free 
from affectation, may be heard to say of a eastor-oil bottle which 
in itself is not ugly, “I can't bear to look at it, the very thought of 
ft makes me feel sick.” 

However, even without any participation of the mental functions, 
unavoidable nausea may come on from irregular motion, as that of a 
ship, which often causes nausea in those unaccustomed to the sea. 
Certain conditions of the blood flowing through the nerve centres 
also cause nausea, a3 when emetics are injected into the blood. 

Gildiness, which consists in a feeling of inability to keep the 
normal balance, is often produced in connection with the last by 
irregular movements, but more surely by a rotatory motion of the 
body. Other afferent influences may give rise to it, viz, from the 
stomach, in some cases of irritation ; from the eye, when we look from 
a height ; from the semicireular canals of the ear by rotation of the 
body; and also from conditions of the blood, as in alcoholic 
toxwmia, 

Shivering ia also the result of a peculiar nervous effect produced by 
afferent influences of an unpleasant kind, the sudden application of 
cold to the akin, a revolting sight, a shrill noise, an intensely nasty 
taste, and a very shocking narrative, may excite a nervous condition 
which makes ua shiver, 

Titillation follows light stimulation of certain parts of the cutaneous 
surfaces. It isa peouliar general sensation, in moderation not dis- 
agreeable, and usually accompanied by a tendency to meaningless 
Laughter or reflex movements, 























NERVES OF TASTE. 461 





212.—Drawing of upper surface of the tongue, showing the position of the cir 


Pig. 
curnvallate papillw {1}, (Sappey.) 





Nerves can be seen entering these bodies, and are in all probability 
directly connected with the modified epithelial cells of which they 
are made up. The relation of the glosso-pharyngeal nerves to Some 
tuste-buds has Ween ghown by the fact that in Uae rabbit. Gu wae. 
ania) they are crowded together in a wpecial organ wo a Se 
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easily found) they degenerate, and in a few months Glaappear; aber 


one of these nerves has been cut, 

‘The genuine taste sensations are very few. Much of what w 
commonly call taste depends almost exclusively upon the ered 
the substance, and we habitually confuse the 
from these two senses.* The different tastes have ee Gos {nto 
four, viz., sweet, sour, bitter,and salt, under some one or other of 


Fig. 21 —Section through depression between two circumvatiates saphena 
‘taste-bude, (Cadlint.) Pe 
6, Abrams theo of papilla of anil 6 taste 
On the right 0, 6, show the mejarate cells of a taxtésbud, 2 


which headings all our tastes, properly so called, would 
fall, Though this classification has no just claim to Deby a: 
one, it is interesting to know that cach taste pretty well 
to adistinct group of substances chemically allied ane to the vthen 
‘Thus, acids are sour, alkaloids are bitter, the soluble neutral sale 
tho alkalis aro salt, and polyntonie alcohols, as glycoring, gemaeriag 
&o,, are commonly sweet, 

The substances most probably act on the nerve terminals a 


* Many of tho comestibles, tho tasto of which we mast serie, have, 
‘but enly a sauvell which we habitually confound with taste, laviinge 
ace cheat fran the two ern. ‘Thu ifthe draft of al ec 
the nowe, wie, niet, Ke. Pen te hdr Ne ae 
rule of holding the wose wove in Wein ee 
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chemical stimuli, because they must be in solution to be appreciated. 
If solid particles be placed on the tongne they must be dissolved in 
the mouth fluid before they can excite the taste organs, 

In omer to explain the appreciation of the different tastes we may 
imagine that there are different kinds of terminals, each of which is 
or is not influenced by various substances according ns they possess 
& special sweet, sour, bitter, or salt energy. From these different 
terminals pass fibres bearing impulses to certain central cells, each of 
which ix capable of exciting a sweet, sour, bitter, or salt sensation, 
‘aa the case may be, 


Sexsx or Sovsun. 


‘The numerous delicate nerves which pass from the olfactory bulb 
to the mucons membrane of the upper and part of the middle mentus 


Fie, 14 Seston throw the maooas rembrane of the nam foem inthe er of the 
(eo 
‘Epithelial celle aod bundles of nerves ; 6, Glands separated from each other’ 
or Pundlee of nerwom, (Calla) Le 


of the nose form the special nerves of smell. When certain subtle 
particles wo call odours come in contact with the terminals of these 
nerves they exeite impulses which, on arriving in The syeeiak centres 
of the brain, give rise to the impressions of emell. 
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Anatomically the relations of the olfactory region are well definel, 
Tts mucous membrano is not covered with motile eflia, as is thi 
of the rest of the nasal cavity, and it is Jess vascular and yey 
Pigmented, looking yellow to the naked eye when 
the neighbouring membrane, ‘The epithelial cells are prin pn 
pecnliar cylinders, between which He long thin rods, ending om the 
aurface in free hair-like processes, The deeper extremitios of ther 
rod-shaped filaments expand to surround a nneclens, and are oe 
continued into a network of filaments, into whieh 
the epithelial cells also seem to pass, and in which the delicate ~— 
of the olfactory nerve can be traced. ‘The existence of direct om 
imnication between the nerves and the rod-shaped filaments and the 
epithelia] cells is satisfactorily establihed. 

The odorous particles must be in the form of knses, in order 
carried hy the air into the olfactory region, and the wir xoust be! 
in motiou, by sniffing it in and out of the nasal cavity, in onler 
éxeite the nerve terminals, which are not influenced by the odours al 
air absolutely at rest, though it be in contact with the mance ae 
brane of the olfactory tract, 

‘The extreme delicacy of appreciation of odours by the olfnetory 
nerve terminals is very remarkable, Even in human 
sense of smell is but poorly developed bes x compared mrt ih 
animals, an amount of odorous substance ean be 

finest chemical tests fail to appreciate. Thus Valentin hay 
that the two-millionth of a smuilligram of musk is sufficient t¢ 
the specific enengy of a man’s olfactory apparatus, 

No satisfactory classification of ieee has been made. 
common it 
and «tinks, is d 
have a physiological basis, 

With smell, as with taste, no degroe of intonsity of 
‘De mid to produce pain, though disgust, nanaea, 
otlier peychical and nervous operations may be 
smells, and the appetites are either oxelted or aniulled vy 
excitations of the ol nerves, 





CHAPTER XXXII, 


VISION, 


Next in importance to the intelligence we receive from the skin 
is that which is conveyed to the brain from the outer world by the 
second pair of cranial, or the optic nerves, 

The ending of the optic nerve differs from any of those we met 
with in the skin, by being enclosed in a very specially arranged organ 
—the eyeball—an apparatus for bending the mays of light, a0 that 
they exactly reach the delicate sheet of complicated nerye-ending 
which is here spread out. Nothing but the blood and other tissues 
of the eye comein contact with the endings of the optic nerye, which 
is thus placed out of the way of ordinary nerve stimulation, Indeed, 
we shall see that the light, of which the optic nerves convey intelli- 
gence to the brain, is not properly a nerve stimulus, being merely 
the waving of an imponderable medium, the existence of which is 
assumed, Besides the special arrangements in the eyeball for bringing 
the mys of light to bear on the nerve-endings, there must here be 
some extremely delicate arrangement by which the ether-waves, 
that we call light, can be converted into a nerve stimulus, or in 
some way male to affect the nerve terminals in the retina, 

By means of the sense of sight we obtain knowledge of objects at a 
distance from us, because all these objects reflect more or leas light, 
and thus make different impressions upon the terminals of the optic 
nerve, which form the outer layer of the retina. 

Light, then, is the andequate stimulus for the retinal nerve-endings, 
and the impulse caused by light is the only impression the optic 
nerve is in the habit of carrying to our sensoria, where the sensation 
of light is formed and distributed among the cells of the brain 80 aa 
to enable us to come to visual conclusions and judgments, As already 
mentioned, no matter what stimulns electric, mechanical, or other, be 
applied to the fibres of the optic nerve, the sensation produced is 
simply light, and this is thouglit ofa if it came throughs Vac eye trom, 


the outer world, ot 
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The study of sight may then be divided into + 

1. The path the light takes on ite way through the eye to neck 
the retina, 

2 The molecular changes in the retina which give rise to stimale- 
tion of the optic nerves. 

3, The sensations arising in the sensorium as the resnlt of the 
molecular changes set up in the cerebral nerve cells by the impulses 
from the optic nerve. 

4. The visual perceptions and judgments which our conseiousnes 
is capable of elaborating from the visual sensations, 


Tae Toxics or rim Exrhanc. 


The ongan of vision of vertebrate animals is enclosed in a firm eae 
of fibrous tissue called the sclerotic coat, which is continnoms with 
the sheath of the optic nerve, and is seen between the eyelids under 
‘the transparent conjunctiva, and is commonly known ax the white 
of the eye. It gives shape and protection to the eye, and thenh 
translucent, is not transparent, In front a round window-like portion, 
called the corned, forms the most anterior segment of this protecting 
covering of the eyeball. The oornen i¢ disti vs 
sclerotic not only by its glass-like transparency, but also 

of a lesser sphere than the sclerotic, and thus it projects a Httle mur 
than the reat of the bulb. 

Closely attached to the inside surface of the sclerotic is a this, 
Diack vascular sheet of tise which supplies the eyeball ee 
Deing made up chiefly of hlood-vessels and stellate, pigmented, ee 
neetive tine cells, Its outer layer is traversed arteries asd 
veins of relatively large size, anil its immer layer ix Practically ecm 
posed of a dense network of closo-meshod eapillary Me ds 
the cornea is approached, the choroid is peculiarly fied 
thrown into folds, called ciliwry processes, forming & series of 
projections, which radiate from the mangin of the comes. 
elge of the cornea the choroid is more firmly attached to the: 
by a circular muscle (the ciliary must), and ala by’ 
from the posterior surface of the cornea which hold i iy 
tho fibres of the ciliary muscle, running unler the cliary 
radinte from the margin of the cornes towards the rs 
they are attachod, In a modified form, known aa the 
vaacnlar aml pigmented coat of the eve leaves the aelero 
freely in a Mukd #9 as to be recogni’ Vixeragh the €] 
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a coloured circular curtain, attached to the inside of the periphery 
of the comea, and haying « central deficiency, which looks black, 


Vig. 215.—Diagrm of « horicontat section through the luman eye, 
3. Coma; 2 Selerotio; 3. Choroid ; 4, Ciliury procomes; $, Buspensory Hgument 
of lens ; 6. So-called posterior charter, between the iris and the ens; 7. Tris; 
8. Optic nerve; §+ Entrance of central artery of tho retinas #, Central de= 
presion of retina oF yellow spot ; f. trie lit of the retin | 10, Hyaloia 
membrwne ; 11. Aqueous chamber; 12. Cryvtalline Jone; 15, Vitreous humour; 
16. Circular venoms sins whieh liet argund the cornea ; a~a, antero-posterior, 
nd, b—L, transverse axis of bulb, 


and is familiarly known as the pupil, The pupil is merely an 
opening in the iris, which allows the rays of light to pass into the 
interior of the eyeball, 

Besides supplying nutrition to the non-vascular central parts of the 
eyeball, the choroid is usefnl in vision by preventing the reilection of 
the light from tae background of the eye in auch a way aa would 
cause irregularity of its distribution, and thus dazele and interfere 
with the distinetness of the image. The choroid also \s daorhe, wa 
can move over the neighbouring eclerotic ; ik can we Arawn Loreen 

wut 
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‘Uy the contraction of the radiating ciliary muscle, which acts ma 
tensor of the choroid membrane. 


The iris has a special power of motion, by means of which thy 
opening in it can be made smaller, so as to regulate the ansount of 
light admitted to the eye, and cut off more or leas of the rays which 


Fig. 26,—Diagramumatic section of retina chowing the relation uf the: “rn 
ite the posterior part of tho fandus (not the werwle tates). q 


would pass through the margin of the doytelo amodiia, 
portance of this will be Vetter untertood forte on. 
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Within the choroid coat, and in immediate contact with it, is the 
nervons coat, or retina, formed by the expansion of the optic nerve, 
which pierces the sclerotic « Little obliquely, entering it somewhat 
to the nasal side of the axis of the eye, The retina lines all 
the back part of the eyeball, and stretching forwands, becomes 
fused with the ciliary processes, where, however, the nervous 
elements of the coat are wanting. The fibrils of the optic nerve 
reach the inner surface of the coata of the eye, and Me in immediate 
relation to the transparent medium, which occupies the greater part 
of the bulb, The fibres then lie internally to their terminals, which 
turn outwards and are set against the ehoroid coat. The ultimate 
herye-endings are situated in pigmented protoplasmic cells, which 
form the outermost layer of the retina, 


Tux Diormic Mevra ov rat Eyn-nant, 


‘The transparent substances which fill the eyeball are, together 
with the comea, commonly called the dioptric media, ‘The arucous 
}umour lies in contact with the posterior surface of the cornea, and 
just fills the prominence which is formed by this part of the eye. 
At is in this fluid that the movable iris is stretched and separites 
the aqneous department of the eye into an interior and posterior 
chamber. The vitreous humour occupies much the langer share of 
the eyeball, It lies in apposition to the retina, being separated from 
it only by a thin transparent structure, eullod the hyaloid membrane, 
which encloses the clear gelatinous vitreous humour, and is fused 
with the ciliary part of the retina and choroid. The vitreous humour 
in developed from the young connective tissue of the megoblast, and 
we find in the adult that mucus is the most striking chemical «nb- 
stance in its texture, though the form elements of the original 
mucous tissue have nearly all disay 

‘The most important of the dioptric media is the crystalline lene. It 
is placed between the aqueous and the vitreous humours, just behind 
the iris, which lies in contact with its anterior wurface. It is like a 
strong magnifying glass, bi-convex in shape, the posterior surface 
being more convex than the anterior. The lens is much harder than 
the vitreous humour, but its outer layers are but little denser than a 
stiff jelly. It is enclosed by a firm elastic capsnlo, which is drawn 
tightly over the anterior surface, and influences its «hape. The lens is 
held in its position by a thickened part of the soft, elastic tyeleivk 
membrune, called the suapenzory ligament, which is aitadael Yo Soe 
anterior surface of the capsule, near ite margin, "The Yeon wa > 
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capsule, together with the vitreous humour, may he sald to be 
enclosed in the hyaloid membrane, which fs thickened and fixe 
the capsule, and to the ciliary part of the choroid. ‘Thus any tems 
exercised by the suspensory ligament tends to tighten the anteke 
part of the capsule, and flatten the anterior surface of the lens 

‘The shape of the lens varies at different times of Life, being nestly 
spherical in the infant and tending to become less convex in obl a 


@ b 2 
Pig. 217,—Dingram of lens at different periods of life. 


o, At birth; %, Adult, ¢, Old age. (Allen Thomason.) 


(y, fig. 217), ‘The lens ia developed from the outer layer of th 
embryo by the grwlunl thickening and growing inwards of te 


. 18. —Bhowing ear if the development of the tems. ¢ Eipittbelial ther 
a stag ho fore een; », Optic cup oy Boddarsll (Cadtint) 
epitheliam, which mocts the optic cup, and after a time ix cult 


trom the parent tissue. ‘The stages of its development muy Wy 
followed in the accompanying wookeuts (. bg, WB) 
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The lens is composed of a number of peculiar band-like cells, 
derived from the epithelium, These are cemented together in 
parallel rows, eccentrically arranged in layers, These bands are hex- 
agonal in transverse section, and in the younger periods of life may 
be seen to contain nuclei. 





Fig, 119.—A further stage of the development of the lens. (Ciwltiat.) 


4, Monguting epitholial cells forming tens ; 4, Caprule; ¢, Cutaneous tiwae 
‘conjunctiva; a, «, Two layers cup forming retina; f, Cell 
‘of ‘mucous thus of the vitreous humour; y, Iitereellular substance; Ay De- 





In the living state the lons is perfectly transparent, but after seath 
it becomes slightly opaque. The nutriment for the adult lens is 
derived from the vessels of the choroid, which, however, do not 
come into direct communication with its texture, On This accent 
the nutrition of the Jena is not no perfect aa Nhat ol wang ose 
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tissues, and it is but imperfectly repaired after injury, ‘alway 
leaves more or less opacity. Even without injury, ry giving 
Fite to catartet, sometimes occurs during life, 


Pig. £20.— Fragment of lens teased out to show the sepamte fihrps, 
4K aod ¢, show fides with different send naebel, ae : 


Chemically tho lens {+ maile up of globulin, and frumniahes 
souree for obtaining this form of ewomim fox examination. 
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Tue Diorrnics or THE Eve. 


Light travels through any even transparent body, such as the 
atmosphere, in a stright linc. But when it meets any change in 
density, particularly when it haa to pass obliquely into a denser 
medium, the my is bent so a4 to run ina direction more perpendi- 
cular to the surface of the denser body. ‘The degree of bending or 
refraction of the rays depends chiefly on the difference in density of 
the two media and the angle at which the ray strikes the surface of 
the more dense, 

On ite way to the sensitive retina, the light has to pass through 
the various transparent media just named, viz, the cornea, the 
aqueous humour, the crystalline lens, and the vitreous humour. 
On entering these media, which have different densities, the rays 
of light retlected from any luminous body become bent or refracted, 
so that they are brought to a focus on the retina, just in the sume 
way as parallel rays of light from the sun may be focuséed on a near 
object by means of an ordinary convex lens, 





Vig. £2t-—Diagram showing the course of parallel rays of light from 4, in their passage 
through a biconvex lens 2, in whieh they are #9 refracted mx to tend towarda 
and come tos focus at a point r, 


Only so much light reaches the fundus of the eye as can pass 
through the opening in the iris, so that a comparatively narrow and 





Pig. 222.—Dingrata showing the course of diverging rays, which are Yent to ® point 
further from the lens than the parallel roy in last tig, 


varying beam is admitted to the chamber in which the nerre-endiags 
are spread out for its reception. 
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the surface of the comea, becanse they have to pass from the rare 
medium, the air, to the denser cornea and aqueous humour. So 
also more bending of the rays occurs between the aqueous humonr 
and the anterior surface of the lens than between the posterior 
surface of the lens and the vitreous humour, 

The lens is not of the same density throughout, but denser 
in the centre, and being made up of layers, the central part refracts 
more than the outer layers. 

The manner in which the inversion of the image is produced 
by a convex lens, is shown in the accompanying figure, in which 
the lines correspond to the rays passing fru two pointe through the 
lena. Lf the arrow aa’ be taken for the object, from cither extre- 
mity of it mys pass through, and are more or less bent by the lens. 
It will be sufficient to follow the course of three rays from the head 
of the arrow. One of these passes through the centre of the lens, 
and leaves it in the same direction which it entered, because the two: 
surfaces at the points where it entered and left may be regarded as 











Fig. 223.—Shawing the course of the rays of light from two luminous points to the retina. 
‘The mys from the point « o0 passing through the cornen, lens, d&c., are collected 
‘on the retina wt b. Those from a’ moet at 2, and thus the lower point becomes 
tho upper. 





parallel, and so cause no refmotion, The rays which do not pnss 
through the centre are Lent on entering and on leaving the lens, xo 
that they all meet at the same point and there produce an image 
of the head of the arrow, at ’, In exactly the same way the feather 
end of the arrow is produced at 4; the position of the image of the 
object is thus reversed by the light mys passing through the lens, 

In a biconvex lena, with the two surfaces of the same degree of 
convexity, the central point through which the rays pass without 
being refracted is easily made out, ax it is the geometrical centre of 
the lena This central point is apoken of as the oytica canteen. 
With systems of lenses of varying convexity, mad more Naan owe So 
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only see those objects clearly which are at a given distance from 
the eye. We know, however, that we get a distinct an image of 
distant as well as of near objects, and we ean look through the 
window at a distant tree, or we can adjust our eyes so aa to be able 
to soc a fly walking on the window pane. However, we cannot se 
both distinctly at the same 

moment. This may be de- t 

monstrated by what is known 
ax Scheiner's experiment, 
which is carried out in the 
following way. Two  pin- 
Toles are made in a card at a 
distance from each other not 
wider than the diameter of 
the pupil. The cand is then 
brought close to the eye, so 
that a small object—euch ax = . 
the heed of a bright pin— "teu; aw eeotanations severe 
can be seen through the holes. 

‘The dioptric media being fixed, moving the object nearer to or farther 
from the eye would have the same effect as changing the relation of 
the retina to m » or pg in fig. 224, by means of which we may explain 
the following cbeervations : (1) The eye being fixed upon the object 
(of which oniy one image ia seen), move the pin mpidly away ; two 
objects now appear, showing that the rays coming through the holes 
have met before they reach the retina as at pq. (2) Move the pin 
near the eye; again two very blurred objects are seen, for the 
rays have not met when they strike the retina, as atm n, (3) Keep- 
ing the object in the same position, alter the gaze, as if to look firstat 
distant and then at near objects ; in both extremes two images are 
eoen, (4) When the object is in exact focus as at ¢, the closure of one 
of the holes does notaffect the single image. (5) When two images are 
seen, closing the right hand hole at g causes the right or left image 
to disappear according as the focus ¢ falls short of mm or la beyond. 
pq the retina. (6) By moving the pin’s-head nearer the eye,a point 
is reached at which the object cannot be brought toa focus as asingle 
image. This limit of near accommodation marks the near point, A 
little attention teaches us that looking at the near object requires 
an effort which looking at the distant one does not ; in fact, we have 
todo something to ee things near us distinctly. This act ia the 
voluntary adjustment of the eye which we call its accommallation tor 
near vision. 
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of the lens, and at the other side of this a small inverted image of 
the flame reflected from the posterior surface of the lena When 
the adjustment is changed by looking from afar to a near object, 
the image on the front of the lens becomes smaller and moves 


Fig. 225, —Diagram rhowing the changes in the lou durh g accoremodation. ‘The 
muscle on the right i* supposed to be passive aa in ‘looking at distant oljects, 
the ligament (1, ie therefore tight, and compress the anterior eurface of the 
Jens (4) #0 an to flatten it, On the left the ciliary mussle (x) 4s contmeting so 
as to relax the ligament, which allows the lens to become more couvex. This 
contraction occurs when looking mt neur objects. 


towards the contre of the pupil. ‘The image on the back of the Jens 
alzo becomes smaller but does not change its position. The exnet 
amount of movement has been accumtely measured by a special 
instrament called an ophthalmometer, and the motions can be made 
more obvious by means of the phakoseope, in whieh a dark box and 
priams are placed before the observed eye, and ench image is made 
double, ao that the change in position of its two parte may be more 
obvious than a mere change of size. 

The alteration in the shape of the lens is accomplished by the 
action of the muscular ring already named, which radiates from the 
edge of the cornea to the ciliary region of the choroid coat, where 
it is attached, The junetion of the cornea and slerotic being its 
fixed point, when the ciliary muscle contmcts it draws the 
choroid coat and the connections of the suspensory ligament of the 
lens slightly forwards, Under ordinary cirenmstances, the eye being 
at rest, the suspensory ligament is tense and exerts a radial traction 
on the anterior part of the caprule of the lens, and thus tends to 
stretch it flat; this affecta the shape of the soft lens und reduces 
its convexity, When the ciliary muscle shortens it draws forwards 
the attachmentof the suspensory ligament, relaxes it, and removes 
the tension of the capsule, so that the unconstraiwel ease Wewe 
bulges into its natural form, ‘The posterior wurlace exmmct een 
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form required to see near objects ia more difficult or impossible to 
attain, Biconvex lenses help to overcome the difficulty. 


Fig. 226.—Showing the course of the rays of light from two luminous points to the retins. 
‘The rays from the point « on passing through the corn, lena, &c., are collected 
on the retina at). ‘Those from a’ meet at #, and thus the lower point becomes 
the upper. 


Dereors or Dioprric APPaRarvs. 


In common with all dioptrical instruments the eye has certain 
optical defects which tend to interfere with the exact definition of 
the image, 

Chromatic aberration is duo to t aking up of white light into 
coloured rays owing to the different coloured lights, of which ondi- 
nary light is composed, postessing different degrees of refrangibility. 
We know this in the spectrum and in the coloured rings always 
seen in the marginal part of a biconvex lens made of one kind of 
glass, which acts like a prism. It can be corrected by making lenses 
of two kinds of glass, one of which counteracts the dispersion caused. 
by the other. Optical instruments may thus be made achromutic. 
This defect is minimised by the iris, which cuts off the marginal 
rays in which it is most apt to occur, Possibly the different density 
of the dioptric media may have a correeting effect on the chromatism 
of the eye, Further correction takes place in the nerve centres which 
receive the sensation, for just as we mentally re-invert the image, we 
fail to see the colour, At any rute the chromatic aberration is so 
slight that it needa certain artificee to make it observable. 

Spherical aberration depends upon the fact that luminous rays, on 
passing through a convex lens, strike the various parta of its surface 
‘at different angles, and hence are differently refracted. The rays 
striking the margin of the lens are more bent than those pasting 
through the centre, and hence the former come sooner to & Soma. 


‘Thus a luminous point gives rise to a diffused figure, WHieas Soe 
oe 
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Drought an object to our eye the greater would be the tendensy to 
indistinctness caused by spherical aberration. 
‘The itis consists of a framework of delicate conneetive tise, like 





Fig. 217.—Section through the ciliary region, showing the relation of tho frie (/) to 
‘the choroid eal the elary stele (e}, whieh axioms fre Gop eums of Hr 


{tho latter from the sclerotic. 


that of the choroid cont, containing many blood-vessels, On ite 
posterior surface is a dense layer of pigment cells called the uvea, 
which gives the eye its colour, The motions of contracting and 
dilating the pupil are carried out by smooth muscle fibres, ‘The act 
of contracting the pupil is performed by a very definite eet of fibres 
forming the sphineter which surrounds the mangin of the pupil, while 
other fibres are sid to madiate from the pupil to the attached mangin 
of the iris. The sphincter muscle seems always to be more or leas 
in action, because if it be panilysed the action of the dilating 
forces becomes obvious. But the muscular character of the dilator 
has been doubted from the fact that the fibres have not been sutis- 
factorily demonstrated, Certainly the sphincter seems to be the 

of the two, for strong clectric stimulation causes contraction of 
the pnpil, and shortly after death the pupils dilate We must weume 
that the power of the sphincter dies more quickly than that of the 
dilator, or relaxes because it has Jost the stimulus reflected from the 
fragile retina, 

‘The nerves supplying the dilator muscle seem to be derived from 
the sympathetic, for when the sympathetic in the neck is out, the 
pupil remains permanently contracted. These fibres are supposed 
to take origin in the grey matter of the cervical spinal cord. The 
sympathetic also supplies the muscles in the walls of the weseeks, ana. 


thus controls the amount of blood going vo Yhe Wis, Se 
ay 
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4, Similar “associated ” contraction, accompanies inward more- 
ment of the eyeball. 

6, During sleep, or as the result of vasomotor disturbances in the 
brain (anemia), the pupil contract, 

6. Under the influence of physostigmatin, nicotin, and morphia. 

7. From any stimulation of the optic or third nerves or the corpora 
quadrigemina. 

‘The circumstances in which the pupils aro found to be dilated 
are equally important from a practical point of view, namely -— 

1, In the dark or with insensitive retinas, 

2, Irritation of the cervical sympathetic, 

3. Under the influence of ateopin, daturin, &e. 

4. Tn asphyxia or dyspnosa from venosity of the blood. 

5. Painful sensations from the skin, &c. 


‘Tas Orurmatmoscorr 


‘When we look into the eye the pupil appears quite black, because 
the illumination of the eye-chamber is not sufficient to show its 





Pig. £58. —Ophthalmoseopic view of fundus of eye, in which the contral artery (gand ¢) 
and the: ‘veinw (hand 4) are seem coursing Chrongh the retina from 
‘the opto dino (4). 


parts from the outside, when the light is strong, ‘So tne tama weg 
when we try to look into a room. in the Aaytime Varco a Ose 
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Dut at the retina this physical motion is stopped. The optic 
nerves no more convey the light waves from the eye to the brain 
than the tactile nerves carry the objecta that stimulate their 
endings, but only send a nerve impulse which the retina, on its 
exposure to the light, excites in the optic nerve. As already stated, 
any form of stimulation will cause the same kind of impulse to pass 
to the brain and there set up the sime sensation of light, Thus wo 
are told by persons who have had their optic nerves cut that the 
section was accompanied by the sensation of a flash of light. Any 
violent injury of the eye-bull causes a flash of light to be experienced. 
‘This fact has long since been arrived at in a practical manner, 
for a blow implicating the eyeball is vulgarly said to “make 
one see atars.” Also, without violent injury, if we close the eyes 
and turn them to the left side and then press with the point of a 
pencil on the right side of the eyeball throngh the lid, we have a 
sensation of a point or ring of light on the opposite side of the 
eyeball. Thus we soy that the specific energy of the optic nerves 
excites a sensation of light, and the adequate stimulus of the organ 


of vision is light. The first question that arises is, what part of the 
retina does this important work of stimulating the optic nerve when 
light impinges on its terminals ! 


Tax Foxenion or tie Reriva. 


The retina is not a simple sheet of nerve fibrils or of nerve cells, 
but a most complex peripheral apparatus, which to histologists has 
offered an endless field of study. This complex body is spread all 
over the fandus of the eye except at the optic disc, where the nerve 
pierces all the conts of the eye ; here there is nothing else but nerve 
fibres and hence no retina properly so called. 

The structure of the retina varies in different parts, but it may be 
said to be composed in the main of the following layers, The excep- 
tions will be mentioned afterwards, viz.:—(Compare fig. 216.) 

Lying next to the hyaloid membrane is the layer of nerve jibres 
which radiate from the optic dise to the ora serrata near the ciliary 
region. The fibres spread evenly over the fundus except at the 
central point (foyea centralis) which they avoid by passing on each 
side of it. 

Next to the fibres comes a layer of nerve cells, these seem commonly 
to have one pole connected with a fibre from the optic nerve, while 
from the other side two or three poles send processes tuto Ys, awe 
Jayers of the retina. 
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‘Then comes an indistinct layer made up of grantilar material a 
two layers of pecnliar nuclear bodies, with a layer of gre 


Outeide of these, and separated by « fine limiting \ 
most important Jayer of the retina, It consiste of a layer 
ated cones which are connected with those parts of the retina 


inosculate wi 
fibrils from other ccils—and finally terminate in @ od, 
The rods and cones may 
of the nerves, and they lie in the active protoplasm of 
pigmented epithelium cells, 
It is this outer layer, consisting of rods and cones lodged. 


lial protoplasm, which ia the really effective yart of the 
we have the following eviienee — 
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1, The fact that the rods and cones must be regarded as the real 
anatomical nerve terminals of the optic nerve. 

2. Where the optic nerve enters the eyeball and the nerve files 
are fully exposed to the light, there are no rods and cones. This 
purt, the optic disc, carmot appreciate light, and henee i called 
the “blind spot.” This fact shows that the nerve fibres are 
quite insensitive to light, and that we must look to the terminals 
for its appreciation, The existence of the blind spot ean be demon- 
strated as follows, Shut the left eye, and hold the left thumb, at 
onlinary reniling distance, in front of the right eye. While the eye 
is fixed on the left thumb bring the right thumb within about four 
inches of it and move it slowly an inch or so from side to side, A 
little practice soon finds a place when the right thumb nail dis 


4 A 


appears, It also can be demonstrated by steadily fixing the right eye 
‘on the small letter “a" and moving the page to or from the eye very 
slowly ; a distance may thus be reached when the large letter “A" is 
quite lost. On approaching the page—the eye still fixed on “a"—“A" 
reappears from the inner side; on withdrawing the page it comes 
into view from the outer side. This blind «pot is not noticed in 
ontinary vision a we have habitually overcome the deficiency since 
infancy hy our judgments being derived from two eyes. By rapid 
movements one eye hides the deficiency, as seen when attempting the 
experiment just described. 

3. The fact that when the eye is illuminated in a peculiar way we 
can #e¢ the shadow of the blood-vessela which lie in the inner layers 
thrown upon the outer layer of the retina, also shows the latter to 
‘be the sensitive one. This phenomenon, known aa Purxrse's 
yraunes, can be demonstrated a4 follows Close the left eye in a 
dark room, with as evenly dull-coloured wall, and while you stare 
fixedly at the wall bold a candle so that the light can reach the 
fundus of the eye from the side. With a little practice the least 
motion of the candle will being ont an arboressent figure on ths 
wall, which exactly corresponds to the retinal vemda. “WW way San 
‘be scen by armunging a iniereecope #0 08 to dhow w WAghV gy—oe 


| 
| 
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‘This is spoken of aa ‘direct vision.” The images falling on the 
other parts of the retina are but dim and indistinct outlines, and 
these are spoken of us “ indirect vision.” 

‘The stimulus need only be applied for a very short time in order 
to cause a distinct sensation, for we can distinctly see a single electric 
spark; it need only be applied to on extremely small part of the 
retina, aa we can, by direct vision, see a very minute speck of light, 
and a very feeble ray suflices to stimulate the retina. The amount 
of stimulation produced depends upon (1) the intensity of the light, 
ie, the amount of light received in a given area; (2) the duration 
of its application ; and (3) the extent of retina to which it isapplied ; 
(4) the part of the retina stimulated ; (5) the darker the beckon 
‘the weaker the illumination we can distinguish, i, the 
stimulating effect of a weak light ; iyeiganemuavents 
power of appreciating light, and more stimulus ia required to produce 
a given effect, On waking, the daylight in at firt dazeling, but soon 
the retina can bear the stimulus, An increase of intensity of light 
does not cause an exactly proportional increase of stimulation, for we 
find the more the light is intensified the less are we able to notice a 
fresh increment of light until a degree of intensity is arrived at, when 
‘no further addition can be detected, and the light becomes blinding. 
‘The less the absolute intensity of two lighta the better cum we dis- 
tinguish any difference that may exist between them. 

The effect lasts for a noticeable time after the stimulus has been 
removed, particularly if the light be very intense, ‘This can well be 
seen when a brilliant point is observed in rapid motion ; instead cf 
a point a streak of light is seen. Thus falling atara leave a line of 
light after them caused by the persistence of the stimulus, and 
luminous body rapidly rotated gives the impression of a circle of fire 
and not of a moving point. 

When the stimulus is very intense, such as ix caused by an electric 
light or when wo look at a bright object like the globe of a lamp 
steadily for some time, then the effect persists fora very considerable 
time, and even after the eyes are shut we sce a distinct image of 
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in the arrangement of their pigment granules in response to different 
light stimuli, We know that in the nervous contres nerve impulses 
are commonly originated by protoplasm under the influences of slight 
ehanges in temperature or nutrition. It wonld be hardly too much 
to assume, then, that the retinal epithelium has some important share 
in the transformation of light into a nerve stimulus, The arguments 
pointing to the rods and cones ax the essential part of the retina 


Fig. 231.—Epithelial cells of tho retina, #, Been from the outer surface ; 8, Been from 
‘the aide ax in n section of the retina ; c, shows some rods projecting fato the 


apply equally well to the pigmented epithelium, for they are so dove~ 
tailed one into the other that they form but one layer. They are 
not known to be connected with the nerve fibres, but even supposing: 
they be not in any way connected with the nerves they might still 
be influenced by the light, and by some kind of motion communicate 
the effect to the contiguous sensitive nerye terminals, which are 
elaborately adapted to appreciate «ubtle differentiations of stimulus. 


Covovr Prncertioxs. 


If a beam of pure white mn-light be allowed to pass through an 
angular piece of glass or priam it is decomposed into a number of 
colours which may be eeen by looking through the prism, or may he 
thrown on ascreen, like that of a camera, ‘These colours, which look 
like thin slice of a rain-bow, are together called the spectrum. 
‘The white solar light is thus shown to be a compound of rays of 
several colours which possess different degrees of refrangibility and 
hence are separated on their way through the prism. The violet rays 
are the most bent, and the red the least, eo that these form the two 
extremes of the visible spectram, The difference of colour depends 
upon the different lengths of the waves, the vibrations of wicks Gan 
hillions per sec.) being much more rapid than Those of re ASE Wana 
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The view that such special nerve apparatus do exiat for red, green, 
and violet is supported by the fact that the most anterior or marginal 
part of the retina ie incapable of being stimnlatod by red objects 
which, therefore, lock black when only seen by this part of the retina, 
‘This inability to see red may extend over the whole retina as is 
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;. 292.—Diagram of tho thirve Primary Sensations: 1 = red; 2=reen; $= yiolet, 
‘Tho lotters below ure the initials of the colours of the 
‘he height ofthe shaded part eivs extent to which the several petary nay 
4 tions are excited by different: kinds of light in the spectrum. 


found in some persons who may be said to be, red-blind. Moreover 
if we investigate our negative after images, after looking for a 
Jong time at a red object, we find them to be greenish bluc. That 
fs to say, the nervous mechanism for receiving red impressions is 
futigned, and consequently those of its complementary colour are 
easily stimulated. 


Mestat Orgrations 1x Visiox. 


Our vimal sensations enable ua to perceive the existence, the 
position, and the form of the various objects around us, For the 
perfection of a visual perception much more is necessary than the 
‘mere perfection of the dioptric modia of the eye, and of the retinal 
nerve-mechanisms, Besides the changes produced in the retina by 
the light, by means of which the optic nerve is stimulated, and the 
excitations produced, by the impulses pasaing along the nerve, in the 
nerve cells of the seeing centre, there must be further a paychical 
action in other cells of the cortex of the brain. This paychical action 
of the brain consists of a series of conclasions Qrawn from Sos 
experiences gained by our visual and other wenaations. 
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time tend to give the eyeball a «light rotation in the same direction 
as the corresponding oblique muscles, ‘The tendency to rotation is 
counteracted by the antago- 
nistic oblique muscle when 
simple elevation or depression 
is performed. 

Thus pure abduction or 
adduction only requires the 
unaidéd action of the inter- 
nal or external recti, while 
direct depression of the eve 
requtires the combined action 
of the inferior rectus and 
superior oblique, and direct 
elevation requires the superior 
rectus and inferior oblique to 
act together, The various 
oblique movements are ace 
complished by various com- 
bined co-onlinations of move- 
ments of the different muscles. 

The diagram shows the 
directions towards which the 


res navy mi 
Fane ame 


Fig. 285—Diagram of tho direction of 


different muscles tend to draw 
the centre of the cornea from 
the straight position. 

From this it is obvions that 
the commonest movements of 
the eye require the co-opera- 
tion of different muscles, 


the action of tho murclosaf the eye 
Yall, which is shown by the dark 
Une, ‘Tho axes of the rotation 
caused by the oblique and upper 
anil lower reeti aro shown by the 
dotted lines. The inner and outer 
reeti rotate the ball on ite vertical 
axis, which is cut across. ‘The ab= 
Torvriated narnen of the muscles are 
auiflxesl to the lines. 


Tn the onlinary movements 
of the two eyes more than this isnecessary, The two eyes must move 
in the same direction at the same time, now to the right, now to the 
left, #0 that while the external rectus moves the right eye to the right 
side, the internal rectus moves the other eye in the same direction, 
‘We say then that the co-ordination of the movements of the muscles 
of the eyeball is 40 arranged, that the contractions of the external and 
internal recti of opposite sides always occur in association, and we call 
these “associated movements.” This association of movement hns 
been acquired by the habit of voluntarily directing the two eyes at the 
same object, and has gradually become involuntary, for Lew yer, 
*e 








CHAPTER XXXII. 


HEARING, 


Just as impulses travelling along the optic nerves can only give 
rise, in the sensorium, to impressions of light, so impulses communi- 
cated to the portio mollis of the seventh pair of cranial nerves can 
only excite impressions of sound, and any stimulation of that nerve 
gives rise to sound sensations, 

The peripheral end of the special nerve of hearing is distributed to 
an organ of very peculiar construction situated in the internal ear, 
which, from its complexity, has been called the labyrinth The 
nerve-ending is spread out between layers of fluid, so that it must be 
alfected by very xentle forme of stimulation ; and when we know its 
delicacy, we can hardly be surprised that even sound vibrations suilice 
to stimulate this terminal to transmit a nerve impulse to the brain, 
But the ongans of hearing of mammalia and man are so deeply placed 
in the petroux part of the temporal bone, that a «pecial mechanism 
hias to be adopted to convey the sound with sufficient intensity from 
the air to the fine nerve-terminals, These beautiful contrivances make 
up a complex picce of anatomy which will be briefly referred to 
presently. 


Sovxp, 


Before attempting to describe the complex. mechanisms by means 
of which the sound is conveyed to the nerve-endings, some notion 
must be formed of what sound is from a merely physical. standpoint. 
Without the sense of hearing one cannot form any idea of sound, 
and here the knowledge of sound ends with many people, since they 
only think of it as something they ean hear. A physicist, however, 
regands sound in avery different way, He knows that it is cated 
by a kind of motion known oa the vibrations of elastle bees, sadn 


as a tense string, a metal rod, or an elastic membrane, Tastee 
*X 
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qnite independent of the period occupied by the vibrations, but is in 
proportion to the extent or amplitude of the waves 

So far only tones or musical notes have been mentioned, They 
are produced by vibrations occurring at perfectly regular periods 
‘The simpler and more rwgular the vibrations, the purer the tone. 
But the great majority of the sounds we are accustomed to hear are 
not pure tones, but are the result of an association of vibrations bear- 
ing more or less relation one to the other, When the variety of 
vibrations is very great, their intervals irregular and out of propor 
tion, they give rise to a disordant sound devoid of musical tone, 
which is commonly called a noise, But so long as such commensura- 
Dility exists in the rate of the vibrations a4 to produce a sound not 
disagreeable to the sense of hearing, it may be called a note, 

By the use of a series of different resonators, each of which ix 
capable of magnifying a certain tone, it ean be shown that the 
clearest and purest notes of our musical instruments are far from 
being simple tones, but are really compounds of one prominent note 
or fundamental tone, modified by the addition of numerous over-tones 
or harmonics, If one blows forcibly across an orifice leading to a 
space in which a amall amount of air is confined, such as the barrel 
of a key or the mouth of a short-necked flask or bottle, either a clear 
shrill or dull booming sound is heard, which varies in pitch wecord- 
ing to the proportions of the air-containing envity. Thix dull note 
is a simple tone. It is devoid of character, and in this respect 
differs greatly from the notes produced by a musical instrument, 
The notes of every instrument have certain characters or qualities 
which enable even the most unprictised car to distinguish them from 
one another, 

‘This peculiar quality, which is independent of the piteh (ie, rate 
of vibration) or the intensity (i.e, amplitude of wave), is called the 
colour or timbre of the note. It depends on the number, the variety, 
and the rlative intensity of the overtones or harmonics, which 
accompany the notes, So that really the timbre or quality of a note, 
aud therefore the special characters of the different musical instru- 
ments, is produced by their impurity, or the complexity of the over> 
tones which aid in producing them, 

All elastic bodies can vibrate, and therefore are more or less 
capable of conducting sounds. Sound vibrations can be transmitted 
from one body to another placed in contact with it. From a bard 
material the waves are readily communicated to the air, and this 
ix the ordinary medium by means of which sound Ye ‘cromaniitest 
and finally arrives at our organs of hearing. "The ci expennoess 
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tympanum or drum, which is shut off from the latter by the tym- 
panic membrane ; snd (3) the fluid of the labyrinth, 

In man, the ear muscles are so poorly developed that he ean 
handily move the external enr or pinna perveptibly, and the part com- 
monly called the ear is of litthe usc. We know this, because the 
onter ear may be quite removed without materially alfeeting the 
power of hearing. Binls hear well without any outer ear, and the 
sound reflected from the pinna may be excluded by placing a little 
tube in the auditory canal without reducing the intensity of the 
sound. But the moveable cara of many animals are, no doubt, 
‘useful in helping them to ascertain the direction from which a sound 
arrives, by catching more of the vibrations coming to their orifice, 
‘That the external ear may be of some use, even to man, one is led 
to Deliewe, by the natural readiness with which a porson with dull 
hearing supplements it by means of his hand. But in this act the 
ear is commonly pushed away from the head to an angle of about 
forty-five degrees, and thus its projection is considerably increased. 

‘The auditory canal is @ crooked and irregular pawage, getting 
rather wider as it approaches the tympanic cavity, It is usually the 
scat of some short, stiff hairs, which help to prevent the entrance of 
foreign matters, It is supplied with a peculiar modification of sweat 
glands, which secrete a waxy material that helps to keep the walls 
of the canal and the outside of the membrane moist and soft, Upon 
the more onlinary sound-vibrations, however, the auditory eanal has 
little or no effect. The elastic column of air in any circumscribed 
space resounds more readily to some one certain tone, which varies 
acconling to the eapacity of the space; thus are formed resonators 
of different pitch. Just as different tubes or key barrels have differ- 
ent notes when blown into, so the auditory canal has a note of its 
own, and if the canal be short, the note is one of a very high 
pitch. When atone of the same pitch as that to which the canal 
is tuned strikes the ear, it is unpleasantly magnified, and it is said 
that such sounds are those which we commonly call shrill and 
disagreeable. 

‘The end of the auditory canal is closed by the membrana tym= 
poni, which slopes obliquely from above downwards and inwanls, 
by which means its size is greater than if it were directly across the 
canal. This membrane is not flat, but the central point is drawn 
in by the handle of the wallews, which is firmly attached to it 
along its entire length. The membrane is thus held in the shape at 
a very blunt cone, somewhat like a Jopaneso wulbrella, Sas wyen oh 
which points inwards towards the eayity of Ube dram. The yeotist 
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and no succession of vibrations follows the first effect of the sound 
waves, 

‘The existence of any apecial note of its own is prevented by its 
conical shape, which is partly due to the triction of the handle 
of the malleus. « stretched membrane, such as that of a dram, be 
drawn. out at its contre so that it ix no longer a flat surface, then ite 
tension is different at the centre and the periphery, being, of course, 
greatest ut the point at which it is drawn upon, and gradually 
decreasing towanls the margin, Since the existence of a tone of a 
definite pitch depends upon a certain degree of tightness of the 
membrane, if no two parts,of the membrane have exactly the mime 
degree of tightness, then of course no one tone can be more conspicuvus 
than another. This is the case with the tympanic membrane. 

‘The independent vibrations of the membrane are further prevented 
by the tympanic ossicles, These little bones do not really vibrate, 
‘but move back and forwands in time to the sound-vibrutions, If « 
body, not capable of vibrating with the membrane of a common 
dram, be attuched to it, the dram would not sound. A touch of 
the finger of tho musician to the membrane sutlices to check the 
sound produced by a drum. The handle of the malleus, which is 
Joined to the other bones, being fixed to the membrane, acts in this 
way as a damper, and checks the continuance of any special vibration 
in the membrane of the dram. 

The small muscle attached to the mallous so as to draw it towards 
the cavity of the drum ix called the tensor tympani. 














Coxpvetion or Sovsp-vinkations THROCGH THE TrxPANUM. 


‘The motions occurring in the membrane of the drum are conveyed 
across the tympanic cavity by means of the three small bones known 
as the mullens, the incus, and the stapes. Together, these ossicles 
form an angular or two~armed lever, one end of which (dhe handle of 
the malleus) is attached to the centre of the tympanic membrane, and 
tho other (the long limb of the incus) which is the shorter arin of the 
lever, pushes the stapes against the little secondary tympanic mem- 
brane, which fits the oval opening leading into the vestibule, ‘The 
stirrup bone acts asa kind of adaptable extremity to this inner arm of 
the lever, being adherent to the membrane of the vestibuleamd jointed 
to the long arm of the incus, This little angular lever works round 
an axis which passes from Defore backwards through Yao nek ch. Soe, 
aualleus, and lies above the metnbrane of the dram. "The exo yates 
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tained in the cavity of the dram would occur and impair the hearing ; 
and secondly, the vibrations of the air in the pharynx, produced 


Fig, 285.—Diagram of the membranows labyrinth. a, 4, ¢. opening: 
into the ventricle; ¢, the eacoulo frum which the uniting canal lds iuto the 
membranous canal of the cochlea, y. (Cleland.) 


by the voice, would enter the drum directly, and give rise to an exay- 
gerted shouting noise, 


Coxpveriox ranocon me LanyaisTe. 


Every motion of the oval base of the little stirrup bone causes a 
wave to pass along the liquid in the labyrinth, The bony case of 
the internal ear being firm, and its contained liquid—like most 
liquids, quite incompressible—the wave travels through all the parta 
of the internal ear, Through the cochlea it can arrive at the yielding 
membrane covering in the round opening, which separates the cavities 
of the tympanum and the cochlea. To pass from the oval vestibular 
opening which is closed by the stapus, to the inner tympanic mem- 
brane which closes the scala tympani of the cochlea, the waves 
have a very complex route, From the liquid lying around the 
membranous labyriuth—the perilymph—the waves pass up the fluid 
in the vestibular spiral of the cochlea, and arriving at its summit, 
they descend by the tympanic spiral to the round opening. In this 
course they Juss at first over and then under the fluid contained in 
the membranous canal of the cochlea—endolymph—in which the 
special nerve terminations of the cochlea are placed. 

For the construction of the labyrinth the student fs referred to the 
text-books of anatomy, as space only admits of a brief account of the 
special arrangements of the nerve-ending being given. 

‘The nervous mechanisms which are most inwportant Wwe Yas oye 
clation of tones are those situated in the cochlea. 
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‘The endings of the nerves which are found dn the membramat 
ance in the vestibule are connected with peculiar epitheloid eel, 
which are attached fine bristle-like processes, ‘These processes Heit 
the endolymph, and are reluted to calcareous masses called otetiie 
‘Waves in this endolymph pomibly bring the Otoliths into collisie 
with the hairs, and thus give a stimulus to the nerve-endings ‘That 
noises may be heanl, but no fine impressions of tomes can be a 
plained. The exuct use of the nerves going to the other parts uf the 
labyrinth—namely, the amjnile of the euutetroalar eanele—ix same 
what doubtful, and possibly not immediately commected with bur 

f the snail-shell-like cochlea are: ‘their 


kind of shelf projecting from its central axis into the 

‘This is called the oeeous spiral lamina. In the fresh 

ration of the spiril canal into am upper ( 

(tympanic) coil is completed by a menbiranous whieh 
stretches from the bony spiral lamina to the opposed aide off the 
spiral canal. This is called the membranous spiral taste, aa 
forms the base upon which the special nerve-endings of the anus ed 


hearing are spread out. An extremely delicate membrane called the 

membrene of Reigener stretches from the upper side of the eptal 

partition obliquely upwanls to the outer wall of the spiral arity, 

so as to cover the special organ, and shut off that of the 

vestibular coil which Hes aver the membranous 

This canal of the cochlea ia triangular in section, a 

from the Tost of the epiral cavity, Its tloor is made: 

membranous spiral lamina, particularly the part 0 

membrane, while the oblique roof is ontaposed of only the this 

brine of Reisner. This space follows the turns of the 

between the bular coll and that loading to the tympanum, aa 

it is filled with a fluid (endolymph) which is quite popatwte sal 

distinct from that in the vestibular or tympanic coils of the eocbhle 

(perilymph). coe 
The cochlear division of the auditory nerve pasnee w 

in the central bony column around which the coils of the 

turn, and it gives off a spiral series of branches whi run | 

omcous spiral lamina to reach the memlbimnows portion. 

of yanglion cells cunnected with the mediating ser 

Jying in @ spiml chnal in the osseous lamina. Paani 

Uony epiml the nerves reach the basilar membrane, whieh, ay ball 


© Compare equiéiumation, in conuveetiva Wis while Oey WE Nan 
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Pig, 230—Transverse section through the metotmwnous canal of the exehlos. (Cadiat,) 
2, Striated sone of basilar membrane; §, Peetinate zone of tho basilar membrane ; 
¢; Nefomed esme of ear marenne avagh which the merves pam 4; ervo 
‘bres from «pind ganglion ; ¢, Spiral 3 Jo Limbus ; 9, Reiawnee’« inex 
brano; 4, Tootorial mmembespe ; Eason nd io cnt ees aoe 
Cored; 6s 2s Special eels meetving werve terminala, 4, Eyes cA weet, 
‘the Yasilar membrane | 4, Nerve Woros ; t, pural Vgarent. 
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their relative positions, and a consequent movement of the apex of 
the bow, must take place. This movement at the opex of the 
bow, where the rods join, is communicated by the medium of the 
reticular membrane to the hairs in the special auditory cells, thence 
to the nerves, where an excitation is produced which gives rise to 
the transmission of an impulse to the brain, 

But we can distinguish differences of (1) londuess, of (2) pitch, and 
of (3) quality in sounds, 

Since the loudness depends simply on the amplitude of the vibra- 
tion, we can have no difficulty in understanding how vurieties in it 
ean be appreciated, since the more ample the vibration the more 
marked the motion, and, therefore, the more intense the sthuulation 
of the nerve terminals, What we call the loudness of a sound, then, 
simply means greater or leas intensity of stimulation of the nerve. 

‘The compreliension of the perception of differences of pitch pre« 
sents greater difficulty, As already mentioned, this depends on the 
rate or period of vibrations, We know that most bodies capable of 
producing sound vibrations have a proper tone, 4. that which they 
produce when struck. When the proper tone of a body capable 
of vibrating is sounded in its immediate neighbourhood, this is 
also set vibrating through the medium of the ain, If a clear 
tone be sung loudly over the strings of a piano a kind of sym. 
pathetic echo will be heard to come from the chords, on account of 
the strings corresponding to the notes sounded being thrown into 
eympathetic vibrations, Now, in the basilar membrane we have 
practically a series of strings of different length—since the mem- 
‘brane gets wider as it passes from below upwards to the summit of 
the cochlea—and therefore a great variety of proper tones, With 
a higli note, then, a fibre of one part of the membrane will 
realily fall into vibration, and with a low note a fibre of another 
part. Diiforent nerve fibrils are in relation to these different parts, 
and thus we may conelude that tones of different pitches stimulate 
distinct nerve-terminals, and are conveyed to the brain by separate 
nerve-channels, Impulses arriving at certain brain-cells then give 
rise to the idea of high tones, and impulees coming to others couse 
the impression of low tonéa, There are about a sufficient number 
of fibres in the basilar membrane for all the notes we can hear, viz. 
from about 30 to 4,000 waves in the second, 

‘The rods of Corti cannot be the vibrating agents, because they are 
too few in number, and they are absent in binds, which appreciate 
and reproduce various notes. Further, the tots are wot Aatie yen 
therefore not well suited to vibrate, It may Yhexelore we condoaed, 
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CENTRAL NERVOUS ORGANS. 


‘Tax more important properties of the peripheral nerves and their 
terminals have been discussed in the previous pages. ‘The central 
part of the neryous ayatem, which remains to be considered, con- 
sists of the spinal marrow and the brain, ‘These parts are composed 
of a soft texture, the clements of which ane held together by a pect- 


liarand very delicate form of connec- 
tive tise, known as Neuroglia. 
With the naked eye the central 
nervous organs can be seen to be 
made up of two distinct kinds of 
substance: (1) a white substance, 
which is found by the microscope 
to be composed of nerve fibres, with 
a medullary sheath, and (2) a grey 
snbstance, consisting of a dense 
feltwork of naked axis cylinders, 
with numerous ganglion cells in- 
terspersed between them in various 
quantities and relationships, 
In the bmin the grey substance 
is distributed chiefly om the sur- 
face, forming a kind of grey cortex, 
which follows all the irregularities dullary sheath, Fine connective 
of the convolutions. In the spinal ‘issue separates the bres into 
cord the grey matter i situated aes 
inside, and the white outside, The 
grvy substance of the cond forms separite columns on either side, 
which run its entire length ; but is thicker in the caxvical und \auivece 
regions, These grey columns, together with their couneddum 8. 
+e 
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the reota of the spinal nerves, divide the white substance af t+ 
vont into separate columms, 


Vig. 233.—Multipotar cells from the anterior grey column of the, 
the dog-fiah (a) lying in a texture of tbris; ()) prolongation Eroms 
(¢) verve-fihres eut noross, (Caddiat.) 


As nlready pointed out, the nerve filmes are simply eonideetiet 
channels for the transmission of nerve impulses from ane oll © 
terminal to another, E 

The nerve or ganglion cells are remarkable for their large wise, thee 
large clear nucleus, distinct nucleolus, and fibrillated 
‘They have, at least, one—more commonly several —processes compedtel 
with them, and are commonly called uni-, bi-, or ah 
Often one of these processes is more distinct and more ‘than the 
others, and does not subdivide into branches like them. Tt 
to be connected directly with the axis cylinder of q ehh 
nerve fibre, % 

The nerve-cells can conduct the nerve impulses which nench tee 
by avy of their attached poles, and they can transmit these Empuie 

n to other cells by means of their protoplasmic strands af interme 
ruunication. They thus frequently seem to direet an ae casi 
dy a sensory or afferent nerve from the surface Tack F 
efferent nerve to some texture or organ in the neighbour] 
the slightest +timulation of the conjunctiva causes 

jvoluntary winking of the eyelid. ‘This kind of t 
Jmpuleo in a direction Aiftering, from, Yaak Yes or 
nerve-cell is called reflexion, and motions wats. ea n: 
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are called reflex acts, Collections of cells, whose duty sooms to be 
habitually to receive impulses from the periphery and to change their 
direction, are called reflex centres, 

Some groups of nerve-cells send forth impulses, either constantly 
or periodically, without receiving any nerve impulse from the surface. 
Such centres are called automatic 
since they appear to act independently 
of influences from without. The only 
source of energy these cells have is the PAG 
warmth and nutrient material carried 


to them by the blood flowing in their 5, 

immediate neighbourhood. ‘The vaso- A 

motor centres are good examples of au- 

tomatic centres, in which the constant 

or tonic character of action predomi- Sect: 
nates, The respiratory centre is one  g gensory receiving organ 
from which automatic impulses are with attachel aiferent 


rhythwnieally discharged by special g, diane! ongane—go: 
regulating apparatus, cells 

Besides having the power of conduct- ™# ¥ Tethers crpeuent et 
ing, reflecting, and originating impulses, 
we must attribute to the activity of tho nerve-cells of the brain the 
various mental phenomena, such as feeling, thought, volition, memory, 
&e,, which form of activity may be excited either by impulses arriving 
from without, or from the spontaneous (automatic) action of the cells 
of the cerebral cortex. 


Tax Srrvan Conv, 


Being the great bond of connection between the brain and the 
majority of the peripheral nerves, the spinal cont is obviously a 
conducting apparatus of the very first importance, and from the 
quantity of nerve-cells lying in its grey matter, it must also enjoy 
the function of a governing organ or nerve cevtre, 

‘These two great duties of the spinal marrow had better be con- 


sidlered separately :-— 


1—Srtxat, Como as 4 Coxpucton, 


From the anatomical investigation it may be sen that there mat 
be some special method of conducting impudees slong, Tae won 


marrow, and that it is not merely a collection of the nextes ae oe 
“es 
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mime side, and another, which crosses at once to the other side of the 
cord) these cells are kept in communication with the parta of the cont 
above. The medullated nerve-fibres of the cord then are not directly 
continuous with those of the roots of the spinal nerves, but seem 
only to have the function of connecting the different regions or dis- 
tricts of the conl with one another, and with the brain, and they thus 
establish a near relation between the cella in the lumbar, dorsal and 
cervical regions of the spinal cord, with the medulla oblongata, &c. 

Histology thus loads us to expect that the essential parts of the 
cord are—(1) innumerable fibrils in the grey matter, and (2) series 
of groups of cells all intimately connected with one another, with 
the cells in the masses of grey matter at the base of the brain (cere= 
bellum), and with the fibres in the anterior and posterior spinal roots, 
by which they are related to sporadic ganglia and the various tissues 
and organs. The white fibres of the cord are then, probably, only 
used for the more rapid conveyance of impulses from one group of 
cells to some others lying in n distant region of the cont itself, while 
the main conducting work is accomplished by the fibrils of the grey 
matter. 

Experiments have taught ws the following ficts :—1. Section of the 
cord causes loss of both sensition and motion in the part dehind— 
speaking of a lower animal—the point of section (Galen). 2. Section 
of one side of the corl is followed by loss of sensation on the same 
side with increased sensitiveness and Joes of motion (recovering 
slowly) on the side opposite to the injury. 3 Division of the 
cont in the median line gives rise to impairment of feeling in 
a badly-defined part of the surface, but no loss of motion, 4. 
Section of the posterior white columns gives rie to the loss of 
perception of tactile, temperature, and nimscle sense, but the senaa- 
tion of pain can still be felt. A partial section of these columns is 
followed by « local Loss of touch in a part of the skin of corresponding 
extent, This lesion is complete, as if the iinpulses were transmitted 
directly by definite fibres in the cond from each region of the skin. 
5. Scetion of the antero-lateral white columns causes loss of 
voluntary power in « corresponding part of the same side of the body. 
If the grey matter be perfect, the power of motion ia soon restored, 
showing that the grey matter ean take on a function habitually 
performed by the medullated fibres, The respiratory and vaso- 
motor impulses appear to be conveyed in the Interal white columns. 
6, If the grey matter and the posterior white columma te osine 
ent across, the impulses giving rise in Ye Trin to common wen 
tion (pain), as well aa tactile impulses, are no Lowest eanticl \o Sos 
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Reflex action forma one of the commonest duties of the cells of 


the «pinal con, Even the gentlest stimulation commonly gives ris 


Pi 





2H—Diageam Ulusteating the course taken by the fibres in the *pinal cord, 
(After Pick. 


A, Ream © represent oblique vows of thiee transverse sections of the cord, the 

tise between which fe supposed to be trusimparent, Tho outline of the rey 
is marked with o linc, which encloses the ganglion cells, At the 

section (c), nensary nerve fibres (e) enter by the posterior runt, and after 

counection with ganglion calls of the grey matter, communicate with the pos 
terior white column, throngh which some passes dircetly to the bein, ws shown by 
the direetion of the neruw-head pointing to (4). ‘This ix the roate which offers 
east redstanoe to ani frnpulae travelling to the brain through the cont. 3enee 
it is that teuversed by weak peripheral (tactile) stimali 

Ly the mime posterior root arrive impulses at the eonl which may traverse the 
tacr, more irregular and renietant fibrils of tho grey matter—xhown by the fine 
lines. ‘Through theve channels painful sensations are curried 

From many parte of the grey matter of the cont ganglion celle may dispatch {m= 
pulsos by the motor root (d). Hence many redex actions are arranged. Whasn 
tin impulse comes direethy from the bain (voluntary seukne), wend Sas Sire 
route (¢}, which pases through the white wulstases oA he uxtseron ecewannm, 
tefore it excites the motor gunglign cells uf the car Wo eomancisaaels wei 
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body. If the stimulus be further strengthened, the movements be- 
come violent and more extended until the whole body is teased about 
by co-ordinated motions. The movements seem to spread from the 
local nerve cells to their neighbours, and then to reach those governing 
the corresponding muscles of the other side, in which, however, they 
are always less marked than in those of the side stimulated. This 
spreading of movement from one set of muscles to another, as the 
strength of the stimulus is increased, of course, must be preceded by 
a spreading of the impulse from one group of nerve-cells in the cord 
to another by « kind of radiation from the focus of excitation, 

Very slight stimulation, though not sufficient to prodace immediate 
reaponse, may, after a time, give rise to definite reflex action, as if the 
weak impulses arriving at the nerve-cells in the cord were atored up 
wntil their sum sufficed to produce a definite reflex movement, This 
may also—indeed, much better—be seen in animals whoa nerve 
contres are intact, for the cells of more remote parts exercise a kind of 
checking influence on those in the region receiving the stimulus, and 
thus the accumnlative action (summation) comea more commonly 
and more effectively into play, This ia «en in the human subject 
where slight visceral stimulations exiat for a long time, In some of 
these cases, oven without any really sensory appreciation of any local 
excitation, an amount of energy may be necutuulated along the grey 
trict of the conl from the prolonged ineome of impulses, that will 
bring on the most extensive forme of reflex muscular movement, and 
give rise to serious results, These movements are generally different 
from the regular co-ordinated motion resulting at once from an 
adequate skin stimulation, and have usually a tendency to assume 0 
convulsive form, Ax an example of this may be named the con= 
valsions that commonly occur in young children, from the prolonged 
irritation of intestinal worms, or during the painfal period of denti- 
tion, Epilepsy and hydrophobia may possibly be explained in the 
same way. 

In certain conditions of the nervous syatem these irregular 
movements or spasms (convulsions) can be excited much more 
rwadily than is normally the case. As most striking among these, 
may be named poisoning with the alkaloid of nnx yornica (stryehnia) 
and the state of the blood which i# produced by cessation of the 
respiratory function (asphyxia). These taxic conditions of the blood 
Dring about a peculiar excitable condition of the cells or conducting 
fibres of the spinal cord, in which impulses seem to pass with wn- 
wonted facility from one part to another, ami give Yikes Lo wn exces 
degree of action even in response to mornin) simnmlations, Tes, 
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siderable resistance in passing through the protoplasm of the cells, 
ind that owing to this resistance the effect of a slight stimulus 
lized, while a more powerful irritation gives rise to 





remains le 








Diagram of the paths taken by the impulses in the brain amd vont 
u., motor channels; #, sensory channels; ok, erauial nerves. 





impulses that can overcome the resistance, and thus spread to a 
greater namber of cells, even reaching \hise ritnated Yo. 0 week 
district, Thus the co-onlination in the cor \ would Wwe suas Meyer 
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between the cell of the cord, there also exist medullated filees— 
short cuts, as it were—for impulses to travel from one part of the 
conl to another, for the various cell yronpa are in communication 
with those situated in the other regions, by means of fibres that lie 
in the white coluinns. Now, if we suppose the ordinary reflex traffic 
of the conl-cells to be carried on without the assistance of these 
direct lines of communication, we must assume that there is some 
special means of shutting these fires out of the working of the reflox 
machine, Such special mechanisms do, in all probability, exist, and 
are in relationship with, or under the command of the inhibitory 
cella of the higher centres, We may then suppose that strychnia 
removes the power of these special agents, and the impulses finding 
the direct ways from one part of the cord to another open, take these 
routes, and are simultaneously and irregularly diffused throughout 
all the cell territories (independent of the ordinary paths they have 
Leen educated to follow), and thus convulsive movements are exeited 
in many parts of the body. 

In like manner we can imagine that the unremitting activity 
necesary to keep in check the impulses arriving from a constant 
source of stimulation, such as intestinal worms, eventually fatigues 
the active elements in this inhibitory mechanism, and then—often 
quddenly—the force of the accumulated irritation, no longer restrained 
by the checking influence, rnshes along the direct channels to all 
parts of the cor, and simultaneously exciting them brings many 
discordant museles into «pasmodic action. 

‘The reflexion of an impulse from a sensory nerve, through the cells 
of the spinal cond to a motor nerve, occupies a measurable length of 
time, which has been estimated at about §, of a second, Tho time 
required for the performance of a reflex act varies considerably in the 
same individual under different conditions ; of these, high temper- 
ture and intense stimulation shorten the tinue, and fatigue or cold 
lengthen it, 


Srxciay Reriex Cexrans. 


Many of the groups of nerve-cells in the cord are employed in 
executing definite familiar acts essential to the animal economy 
and more or less independent of the will. Many of these acts are 
very complex, and require the co-ordinated action of certain seta of 
muscles and the inactivity of others. Sueh groups of newre-eeiia nave, 
Deen called special centres, and many of them ave aleeadsy Wen 
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manner. The arterial tonus only disappears completely and perma- 
nently when the spinal cont is destroyed. Thus, it would appear— 
althongh habitually the yess of all the body are regulated by a 
centre in the medulla, nearly related to the eardiac centre—that every 
vascular region has a nervous mechanism of its own in the conl, which 
suffices to keep up the tonic contraction of the muscular coat of its 
‘vessels 4 a00n as the necessary new lines of intercommunication have 
been opened between the different districts most nearly related to it, 

2. Sweating centres: Though closely related to the preceding, 
the centres which preside over the sceretion of sweat in the lower 
part of the body and hinder extremities must, for many reasons whieh 
cannot now be mentioned, be regarded as separate centres. 

3, Many sets of smooth muscle-fibres appear to be kept in a state 
of tonic (automatic) contraction by means of centres in the cond, 
Thus, in the lower part of the cervical cord is a group of nerve-cells 
which keep the dilator muscle of the iris partially contracted ; a 
narrowing of the pupil has been described as following 
this region, 

4. The grey matter of the cord is also said to keep th 
museles in a state of slight tonic contraction, either from automatic 
or reflex stimulation, 

On account of the elaborate and purposeful reflex movements por- 
formed by decapitated frogs or eels, it has been mugyested that in the 
lower vertebrates the spinal cord is capable of sensation and volition 

ntal activity—but to follow this assumption, we should have to 
moilify our ideas of volition and sensation, for which consciouaness ix 
commonly taken to be @ necessary factor. It is, however, important 
to note that the lower we come in the scale of vertebrate animals the 
Jess powerful are the mental faculties, and the more important are 
the funetions that the spinal marrow presides over. 
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vonduct impulses in all directions Though the readiness of transit 
is much less along the thin-fibred network than eid the direct medul- 
lated routes, the com- 
plexity of paths and the 
variety of directions in 
which they lead, is 
much greater in the 
grey than the white 
substance. It is by 
means of the grey sub- 
stance that the two 
lateral parts of the 
medulla are 60 neatly 
related to ene another, 
and the local centres 
are kept in communi- 
cation with the distant 
parts, 
The posterior grey 
columns of the spinal 
cont are partly con- 
tinued on by fine 
strands into the cere- 
Dellam by ite pedun- 
cles, and partly are 
carried on to the brain 
through the cerbml 
peduncles, The antero- Pig. 24 -_Rieamen of Bruin and Metulle 
lateral columns are Oblongata, | (Cloland,) 
also distributed in part Sutton: tata die soe 
through the pyramids bg ee Leste year! ty ety Optio: thalanas ; 
and peduncles to the Gikteel bentaphiols te eactaens aoe 
cerebram, and in part callosum ; 4, Pornix; f, 4, Lateral ventricles ; 
hy the restiform bedies 3 Third ventricle; 4, Fourth ventricle j 5, Fifth 


Yentricle, boundel on euch side 
and peduncles to the inddum, . Ma 


cerebellum. In the 
pyramids the decusation of the anterior columns takes place, aud it 
is believed that this is the point at which the direct channels carrying 
voluntary motor impulses to the skeletal muscles pass across from one 
side of the body to the other, 

It must always Ve remembered that the meital\a \s Cae oxy 


route between the brain and the spinal cond, and iv i sone. waste 
ae 
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impulses arriving from the surface, as may be seen by the gasping 
inspirations which involuntarily follow the sudden application of 
cold to the surface. 

Again, the activity of the centre may be quite altered by stimu- 
lations of certain parts of the air-passages ; so much so, that convul- 
sive actions of the respiratory musclea are brought about, which 
induced some to speak of a sneexing centre and a coughing centre in the 
medulla, But sncozing and coughing may be equally well explained 
as a peculiar form of activity of the respiratory centre, or a reflex 
alteration in the respimitory rhythm, caused by irritation of the nusal 
or laryngeal mucons membranes, as by supposing that special reflex 
centres exist for the purpose of sneezing or coughing. 

‘Though the action of the respiratory centre can be modified by (1) 
the will and by (2) various peripheral stimulations, and is habitually 
regulated from the periphery through the (3) vagi by the atate of the 
Tungg, the condition of the blood supplied to the centre may. be euch 
that these remoter influences may become quite powerless. This uncon- 
trollable condition of the centre is established when the blood flowing 
through it is abnormally venous and the cells become over-stimu- 
lated. We all know how short a time we can hold our breath by 
voluntary checking of the centre, and most people have had ovcasion 
to observe the inordinate and painful efforts of a person whose 
respirition is interfered with by disease, When the dyapnaa be- 
comes intense, nearly all the muscles in the body are called into 
action, Thus, in quiet breathing comparatively few nerve cells in 
the medulla carry on the work of respiration, but under certain 
emergencies they can call to their aid the entire motor areas of the 
grey substance of the spinal cord, and thus give rise to a kind of 
general effort, Hence we often hear of a convulsive centre in tho 
medulla being placed in close relation to the respiratory centre. In 
cases, namely, irritation of the air passages or imperfect oxidation of 
the blood, the convulsive centre comes under the command of the 
cells of the respiratory centre, which can then excite coughing, 
sneezing, or convulsive inspiratory effort. 

As already mentioned, tho convulsion of asphyxia may algo, in 
part at least, be explained by the impure blood acting ax a stimulus 
to the cells of the cont itself, 


Tar Vaso-moror Cextax, 
Tt has already boon stated that groups of cells exist in the ge 
part of the apinal cord, which, according to the class of animal, wae 


more or Jess direct influence upon the wwecles int the coats * ws 
am 
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inte neighbourhood of the respiratory and cardiac centres. From 
this the nerves pass into the cord to the spinal roots, by which thoy 
reach the aympathetic, 

‘The vaso-motor centre exerts a tonic or continuing action on the 
vessels, holding them in a state of partial constriction or fone. In 
this it may possibly be said to have on automatic action, Though 
tonic state of activity of the eentre may be called automatic, it is 
really under the control of many complex reflex influences, which 
constantly vary the general tone, or effect local changes in the degree 
of constriction of this or that vascular area, Among tho most striking 
afferent regalating impulses are those arriving from the heart, the 
digestive organs ani. the skin. In some animals, a special nerve— 
the depressor—has been discovered, which, passing from the heart 
to the medulla, keepe the vaso-motor centre informed as to the degree 
of tension, &c,, of the heart cavities. When the heart becomes over+ 
full, impulses pass from it and check the tonic power of the centre 
sons to reduce the arterial pressure against which the ventricle has 
to act. Electric stimulation of this nerve causes a remarkable fall in 


the general blood pressure. The vaso-motor centres regulate the dis- 
tribution of blood to the viscera and skin, according to the condition 
of activity of these parts as described in another chapter (XXX). 


Tue Carpiac Cextan 


Althongh the heart beata with characteristic periodicity when cut 
off from the nervous centres, ita normal rhythm is under the control 
of a group of nerve cella in the medulla, from which some of the 
fibres of the vagus conduct special regulating impulses, The action 
of this contre is habitually that of a restraining agent lesening tho 
rato of the heart's contractions, and is hence called « tonic inhibitory 
centre (se page 322), ‘The activity of the centre is influenced by 
the conition of many distant parts, such as the cortex of the brain, 
the abjominal viscern, &., which exert a kind of reflex action on 
the heart throngh this centre. The degree of inhibitory power, as 
well as the share taken in the action of the centre by autotuution 
and reflection, differs in different animals 

In the medulla there also exist many other contres connected with 
the organic fictions. Among these the centres for awallowing and 
vomiting may be mentioned, For further details on this subject, the 
reader may consult the chapter on Digestion (see page 83). 
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matter of the cord to the base of the brain, as far forwards us the 
tuber cinereum, so that it may be sid to be representative of the 
grey matter forming the inner lining of the primitive nervous tube. 
(2) Then come the ganglia of the brain, which are the more or lew 
isolated masses of yey substance within the brain, known as the 
corpora quadrigemina, optic thalami, eorpons striata, &e. (3) The 
grey substance of the cerebellum and of the corpora quadrigemina is 
derived from the upper part of the mid-brain. (4) The cortex of the 
hemispheres of the brain forma the most extensive grey district, and. 
must be regarded ws quite distinet from the preceding. 

Connecting the various parts of these grey rewions are sets of fibres, 
which may be classified us follows :— 

1, Those which act us channels of intercommunication between the 
different parts of the eame region, These may be divided into unilateral, 
which connect together the cells of a single hemisphere, und bilateral, 
or commissural fibres, which unite the corresponding’ masses of grey 
matter on the two sides of the bral 

2 Those which connect the different regions one with another. 


Under this head naturally fall (1) those fibres which juss between 
the cortex and the basil ganglia ; (2) those running from the eortex 
to the cerebellum ; andl (3) those connecting the above with the axial 
or spinal grey matter. 


Tae Meskxckrnaion AND CEREBELLUM, 


Tn examining the functions of the brain, it will be advantageous 
to consider the various parta in the order they are found in proceed- 
ing from the medulla towards the cerebral hemispheres. Between 
the medulla oblongata and the hemispheres, we thus come to a group 
of parts, inclading the pons, the corporn quadrigemina, pons vatolii, 
and cerebellum, which may be called the mesencephalon, being 
developed from the mid-brain. The duties of this part of the 
norvons centres cin be investigated by observing the actions of lower 
animals, in which the hemispheres have been removed, or the parts 
dirvetly stimulated, and by noting the symptoms produced in man by 
lesions of this part of the brain. The former gives the most definite 
results, and therefore, for our purpuse, deserves most attention. 

When the cerebral hemispheres have been removed from a frog, 
the animal retains the power of carrying out co-ordinated motions of 
mutch greater complexity than those performed by command of the 
spinal cont alone, But this power in not exercised. wyamanvesratey - 
‘That is to say, the animal oan Valance Well accreraedy , yam, HH) 
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most exact niccty to accomplish what, even in man, is a quite 
thoughtless, if not quite involuntary, action. In the frog, as 
hus been acen, equilibration is performed by reflex action alone, In 
man, the nervous mechanisms are probably more complicated by his 
erect attitude and the addition of the cerebellum, é&e., but they are 
nevertheless comparable with those of the frog. It may therefore 
be instructive to examine the detaila of the mechanisins in a fog 
deprived of its cerebral hemispheres, 

The optic lobes (which correspond to the corpora quadrigemina, 
and also take the place of the cerebellum of the higher animals) 
form, in the frog, the grent centres of equilibration, locomotion, &e, 
If these lobes be destroyed, the animal can no longer sit upright, 
jump, or «wim. The first point to determine t4, whence do the 
impulses arrive which ling about these complex o-onlinations, 
‘The first sct are those coming from the tactile sense of the skin of 
the parts touching the surface; another set of impulses arrives from 
the acting muscles acquainting the centres with the amount of work 
done, A third set comes from the eyes, by which the position of 
the surrounding objects is gauged ; and finally, from the semi- 
circular canals of the internal ear come impulses whieh inform the 
equilibrating centres as to the position of the head. 

By depriving a frog of these several portals by which incoming 
stimuli direct the balancing centres, it can bo rendered incapable of 
any of the acts requiring equilibration, even when the regulating 
centres an: intact. In our own bodies we can convince ourselves of 
the absolute importance of these afferent regulating impulses arriving 
from the ear, eye, skin, and muscles, If having bent one’s forehead 
to the handle of a walking stiek, the end of which is fixed on the 
ground, we run three or four times around this axis, and then quickly 
walk towanls any near object, we find how helpless our yolition 
becomes if deprived of the normal incoming stimulus, for thus an un- 
wonted disturbance of the nerve-terminals in the semicircular canals 
hasilispatched conflicting impulses to the co-ordinating centre of equili- 
bration. Further, we know that we stand loss fixedly when our eyes 
are shut, and we move nnsteadily when our fect are benumbed, &o, 


Crura Cereent. 


Passing above the Pons Vurolii, we come to a thin isthmus, com- 
posed of two thick strands of nerve substance commentary, Uae weven 
cephalon with the cerebral hemniapheres, ‘These axe called Yaw crow 
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xble to carry out some complex motions which in man are believed to 
ral centrea It hus 





operation of the higher cer 





require the 


by nerve tmpucses in tho brain and 


+, Grey muletance of corebellutn, 
ne afferent and rome eMfercnt 
sot} spinal nerves. &. Kensory (afferent) epinal nerves 


Deen stated that a dog whose eerebral cortex is completely deatroyed 
can perform movements that in man can only We excked Wy Yee 
cortex of the hemispheres, 
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able to carry out some complex motions which in man are believed to 
her cerebral centrea It has 
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44,—Diageam of some of the paths taken by gerve Impuises in tho brain and 
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tradictory results, both by stimulating and destroying the optic 
thalami. Somw find that electric stimulation causes muscular move- 
ments ; others find that it does not. Some authorities state that 
destruction of the optic thilami interrupts only the incoming sen- 
sory impressions ; others say it gives rise to motor paralysis, 

Human pathology helps n¢ but little, for it is imposible to my 
whether a given lesion simply abolishes the function of the purt or 
acts 24 an irritant to it, or in come degree produces both these effects, 
Local lesions of the optic thalami have been met with, in some of 
which sensory, and in others, both sensory anil motor defects have 
‘been observed in the patients 

We must, then, remember that the occurrence of motion as the 
result of stimulation, or the absence of muscular power as the 
result of destraction of the optic thalami must not be accepted as 
conclusive evidence of the motor function of the active elements— 
the nerve-cells—of this part, because these results may depend on 
the indirect influence of the sensory impulses coming from these 
cells, 


CrrepnaL Hesisraenes 


It is now universally regarded as a recoynised faet that in man the 
hemispheres of the bin’ are the seat of the mental faculties—per- 
ception, memory, thought, and volition. ‘The cerebral cortex is the 
part of the nervous system in which the subjective perception of the 
various sensory impulses takes place, and in which impulsos are 
converted into impressions or mental operations. It is in the eortical 
nerve-cella the so-called voluntary impulses, causing movement of 
the skeletal muscles, have their origin. It ia thus a sensory 

motor organ, But it has a far wider range of function than is ex- 
prosod by saying it is both sensory and motor ; indeed, in this it 
would be no better than the other nerve-centres in the spinal cord, 
&e. The cells of the cortex of the brain seem to differ from those of 
the lower nerve-contres (which can also receive, and at once send out, 
corresponding impultes), in this: when an impulse arrives at the 
corebral cells, it there excites a change, whieh, besides produeing an 
immediate effect, leaves @ more or less permanent impression ; the 
impression persists, and if the cell be well supplied with chemical 
energy in the shape of nutriment, the impression may be reproduced 
at a subsequent period, This revival of impressions, the effects of 
past stimulations, or “ re-eollection” is exelusively the property of 
the corebral cortex, and to it the hemispheres owe their mental 
faculties. During our lifetime sensory impulecs are continually 
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The leading experimental experiences which have been reoordoit 
are the following >— 

1. Extensive tracts of the cortex of the hemispheres may be re- 
moved, by accident or experiment, without interfering with the 
cerebral functions in any marked or tangible way, Both men and 
animals have liveil for years, after the loss of a considerable quantity 
of brain substance, without showing impairment of either mental or 
Bodily faculties. 

2. Lesion of a certain part of the frontal lobe of the left hemi- 
sphere of man (posterior part of the third frontal convolution) has 
Deen so frequently followed hy the loas of the faculty of apeech— 
aphasia—that pathologists now eall that spot the centre of speech. 

3. Destruction of the conyolutions around and in the neigh- 
Dourhood of the fissure of Rolando gives rise to temporary loss of 
power in the limbs of the other side, voluntary motion being 
abolished when an extensive area is destroyed. This Joss of power is 
more obvious in animals with complex braina (man and monkey) 
than in those less highly organised (dog, cat, mbbit), whie rapidly 
recover. 

4. Destruction of the surface of the posterior lobes interferes with 
the reception of visual impressions, and if an area, including the 
angular gyri and sll the posterior lobes be destroyed, the animal 
remains blind, 

5, Extensive areas of the brain surface may be stimulated me- 
chanically, chemically, or electrically, without the least response being 
shown by the anima), to indicate either sensory or motor excitations, 

6, Stimulation of the convolutions aronnd the fissure of Rolando, 
however, gives rise to definite co-ordinated movements of muscles of 
the other ride of the body, Indeed, local groups of muscles respond 
with sorprising constancy to the electric stimulation of certain 
definite parts of the cortex. ‘These convolutions have thus been 
mapped out into motor centres for hind limb, foro limb, face, &e. 

From this we are tempted to conclude (1) that the cortex of the 
posterior region of the hemispheres is related to the reception of 
vome sensory impressions ; (2) that the superior and lateral part 
in the neighbourhood of the fissure of Rolando ia reinted to the 
discharge of voluntary motor impulses ; and (3) that the anterior 
lobes are not immediately subservient to either the sensory or motor 
functions of the hemispheres, though the centre presiding over tho 
faculty of speech is placed in this part on the left side, 

As an objection to the soundness of these conclusions, the 
remarkable and undoubted faet has been urged, that no matter Woe 
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functions of any given nerve-cell must depend on the number and 
character of ita connections, If it be attached to a motorial end- 
plate in a musele, it can only be an exeiter of impulses that give rise 
to motion : if it be connected only with a sensory terminal, it can 
only be a receiver of sensory impulses, Bat, in the grey matter of 
the spinal cord, and still mare so in that of the cerebral cortex, we 
may assume that all the cella are in more or leas intimate connec- 
tion with innumerable other cella. In fact, we must imagine that 
the whole of the grey matter of both cond and brain is interwoven 
into a complex felt-work of fibrils and cells, which in no part are 
isolated from the rest, but that all the elements form a continuous 
system. 
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velops in come unusual situation, such as in the Fallopian tube, or 
in the abdominal eavity. 

‘The spermatozoa are formed by the cells lining the tubuli semini- 
feri of the testicle, These cells are cubical masses of protoplasm, 
which undergo rapid proliferntion, The nuclei divide, and from 





‘Fig. 240,—Seetion of the tubuli seminifert of s rat, (Bebafer,) 
-¢. Tubuli in which the spermatozoa are not developed. 
1), Spermatoroa more developed. % Tpemaboe tlk developed. 
each part resulting from this division arises the head of a sperma- 
tozoon, and the borly is developed from the protoplasm of the cell. 
‘The spermatic elements escape into the tubes, and pass down the 
yosa deferentia into the vesiculeo seminales, where they either 
undergo a retrograde change or are vut of the body, 

‘The ovum arises from the differentiation of one of the cells of the 
gern-epithelium covering the surfice of the ovary, A group of 
these cella entering the periphery of the ovary, becomes there em- 
bedded in a kind of capsule derived from the surrounding areolar 
tissue of the stroma, and forms an immature Granfian follicle, One 
of the cells grows mpidly to become the ovum, the rest increase in 
number to form the small cells of the granular tunic. As the follicle 
develops, it works its way towands the centre of the ovary, wo Coen 
approaches the periphery of the organ as a folly-Aereayed Grastvon 
follicle, SEEN 
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occupy a considerable space in the follicle ; they are heaped up at 
one spot to receive the ovum, which lies embedded in their midst. 
‘These cells receive the name of the tunien granulos, and their pro- 
jecting portion, which eneireles the ovum, is called the discus pro- 
ligerva. Filling up the remainder of the follicle is a fluid—the 
Liquor folliculi, The surface of the ovary is covered by columnar 
cells, which are continuous with the endothelial cells of the peri- 
toncam, When the follicle is fully matured, it lies at the periphery 
of the ovary beneath this layer of cella, which separates it from the 
abdominal cavity. 


Mrxsravatioy axb OVULATION, 


After puberty, at intervals averaging about four weeks, the genital 
onyans of the female become congested, and at the same time a 
Graafian follicle is rnpture] and its contained ovum set free, Co- 
incidently with the rupture of the follicle, the fimbriated extre- 
mity of the Fallopian tube becomes closely approximated to the 


spot where the follicle lies, so that the ovum instead of falling into 
the abdominal cavity, passes into the canal of the Fallopian tube, 
down which it is conveyed to the uterus. 

‘The usual place for the ovum to meet the xpermatozoa, and to be 
impregnated, is the Fallopian tube. 

When the ovum reaches the uterus, if it be unimpregnated, it is 
cast ont with the surface cells of the mucous membrane of the uterus, 
which are destroyed, and escape along with a sanious fluid. Tho 
whole of these phenomena constitute « menstrual act, 

If, however, the ovum become impregnated, it remains in the 
Fallopian tubes some days, during which time the mucous membrane 
of the uterus becomes so hypertrophied and developed as to retain 
the ovum when it reaches that organ. 

Tho human ovum is « cell consisting of a mass of 
enclosing a nucleus and a nucleolus, and surrounded by a cell-wall. 
On its outer surface is an irregular layer of cells, the remains of that 
part of the tunica granulosa whieh encireled the ovum in the Greafian 
follicle, The eell-wall of the ovum ia called the eitelline membrane 
or sona pellucida, and the mass of granular protoplasm it encircles, 
the witelfue or yolk, and in this isa nuclous—the germinal vesicle, 
which contains a nucleolus—the germinal spot, 

Benoath the outer covering of calearvous material of the ben's 
egg there is a white membrane, which encloses a transparent albu- 
minous substance known as the white of egy. Inside this ts a 
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which subsequently is supplied with the necesary nourishment 
from the maternal circulation. The life and growth of the human 





Fig. 40.—Dingrata of a section of un unimpregnated fowl's eg. (From Fovter sad 
Balfour, after Alles Thorsap.) 





%, Blastodorm or eieatricula. Shell, 

wip. White yolk. woh. Ale apse 

ang. Yellow yolk, te, ‘Tho white of the eee. 

Af. Chalaas. 4 Vitelline membrane, 

(ot, Inner layer of shell mombrune, 2, The denser albumninows layer whic 
‘rm. Outer layer of shell memtaune, tee next to the vitelline membrane, 


embryo, in fact, depends entirely upon supplies from the mother, 
the ovum not having within itself any store of nutrient material, 


Crascrs Ix THe Ovex Scesequest To Larreoxanion, 

The first changes in the ovam independent of impregnation 
consist in the shrinking of the yolk from the vitelline membrane, 
and the extrusion from it of certain granular bodies which lie 
between it and the vitelline membrane, and are called the polar 
globules The gernsinal spot and germinal vesicle alko disappear, 
and are thought, by some observers, to form these polar globules. 
After the union of the male and female cements, e nek wesoos 
appears in the vitellus which forms what 14 called Ye 
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sphere, ‘This divides at firt into two segments, then tele be 


eight, sixteen, aml so on, until a lange mass peer 
yolk. To this condition the name of morula ia fa given, fom 
posed likeness to a mulberry. Fluid now collects pabccant oh 


Vig. 40.—Hections of the ovum ef a malitet sieving tie Ra Met 
dermic vesicle, (KE. Va Beoodom,) _- 


a, b, 6, 4, aro ove in eticceenive stages of development. 
oanenin ieee tiene 


and anparites sore of them from the othirs, and the colle arent 
themselves into an outer layer ond en inmer 

Uifferent kinds of cells. ‘The innor cella finally acorns 

at one part of the ovum in contact with tie outer cella, 

now receives the namo of the Wastodermic wenlele. 
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In the hen’s egy the cleavage is confined to the cleatrieula or 
Dlastoderm, and does not include the rest of the yolk, Such an 
ovum, from the fact that the cleavage of the yolk is only partial, 
receives the name of mervblastic. The human ovum, which under- 
goes complete segmentation, is called a holoblastic ovum, 

‘The cells in the blastodermic vesicle become arranged inte three 
definite layers, which are called reapectively, from their position in 
the blastoderm, the qviblast, the meoblawt, and the hypoblast, 

From these layers are developed the umbryo and the membranes 
surrounding it, each layer being developed into certain tissues and 
forming these only. 

‘Thus from the epiblast, or outer layer, arise the epidermis of the 


Pig. 251. —Traneverse seetion of the medullary groove, and half the blastoderm of w 
chick of eighteen hours, (Foster und Balfour.) 


Ay Bpibilast, 
1 Mewblast, 
«©. Hypoblast, 


skin, the brain and spinal cord, and certain parts of the ongana ot 
special sense ; whilst it also ails in the formation of the chorion and 
the amnion, From the mesoblast are developed the skeleton, the 
connective tiames, the muscles, the nerves, in addition to the yaseular 
system and the supporting tissue of the glands; one kind of tesel- 
lated cells arise from thia layer, viz, the endothelium, forming 
the surface of all serous membranes, From the hypoblast springs 
the opithelial lining of the alimentary cunal, of the glands which 
are diverticula from ft, and of the lungs; it also forms the lining 
membrane of the allantois ani yolk sac, 

The blastoderm of the hen’s ovum, which is comparatively easily 
studied, consists of a small clear central portion, called the are 
pellucida, from whieh the body of the click arises, Surrounding the 
area pellucida is a mueh larger ame, which appears less transparent ; 
this, the wren oprea, is devoted to the formation of the membranes, 





Got MANUAL OF PHYSIOLOGY, 


The embryo is developed from the rest of the Reset 
following manner, At the front of the area 

dipping in of the blastoderm takes place ; this consists of tee 
ing part or fold above and & groove poaiheesire ncn 
known ae the eephulic or head fold. The projecting ie 

of the fold tends to grow forwards, ehibe ereove grim 
gradually backwards. Later on, another fold appears at the potest 
part of the arva pellucida, this is the tail fold, At the sliles of the 


t= tio tongituiinad section the axle ~~ 
Fe. ‘Diagrummat aie eo of an emleyy’ 
en, 
” 
“epee 
Bi. Menohilant. 
*. Hypobtant, 


+ Bplandhne 
” lower wall of the foregut, 


ares pellucida folds appear, which tend to grow dovenwanls amd Be 
wanls so as to reach the under surface of the Dikstoderm anil alt 
with the head and tail folds. 

By the approximation of all these folds & eabal ix formed 
cenbryonal sae—which ix closed above by the tain 
area pellucida, in front by the head fold, belind by the 
the sides by the lateral folds, whilst below it ix open to 
‘This canal ultimately becomes subdivided into am inmer 
alimentary tract, and an outer one, which forms the 
final place of union of the folds being marked 
iiust be clearly understood that these primary 
cibry include in their layers the epiblaxt, the whale 
the mesoblast, and the hyyoblen, wherens Uhe Goldy 
the membranes do not comprehend ah Qaeve Wager, 
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Formation or THE Mewenanes. 

(1) The Amnion.—The meaoblast around the embryo becomes 
thickened, and is split into two distinct layers ; this cleavage is at 
first confined to the neighbourhood of the embryo, but gradually 
epreals over the whole blastoderm, 


Pig. 252 and the following two woodcuts are dingrammatio views of seetions, 
through the developing ovum, showing the formation of the membranes of the 
Nrd's chick, (Powter aul Balfour.) 

A, D, ©, D, B sud P aro vertion) sections in the long axis of the embryo 
at different periods, showing the stages of developmnent of the amnion and of the 
yolk-mo. 

L, IL, TIL, and TV. are transverse soctions at about the mine stages of 
Aovelopment, 

4 Shy and ill, give omly the posterior part of the longitudinal section, to show 
thevo atages in the formation of the allantois. 

W¢. Viteltine membrane. 

af Axaniotio fold. 

‘ol allantois, 


‘The upper of these two layers of the blastoderm receines Nhe waxae 
of the somatopleure, and is engaged in The formation oh we. woes 
walls of the embryo and the amnion, The lower one ia eich Soe 
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consisting of somatopleural mesoblast and of epiblast, which tend 
to grow upwards and mect over the back of the embryo. These 
folds are the amniotic folds, and each of them presents two sux 
faces, one looking towards the embryo and the other towanls the 
vitelline membrane, As they meet over the back of.the embryo 
the folds become fused, the membranes looking towards the embryo 
joining to form the amnion proper, whilst those next the vitelline 


ig. 4. —Dingrommatic rections of an ernbeyo, showing the destiny of the yoll-me, 9x. 


ot, Vitelline membrane, yp, Plouroperitonesl cavity. ae, Cavity of the amnion, 
o, Amnion, “«!, Alimentary canal. yx. Yolk-auo. 


membrane unite to form the false amnion, which, separating from 
the amnion proper, retires towards the vitelline membrane, with 
which it unites to form the primitive chorion. 

‘The true amnion then isa sac formed of an outer layer derived 
from the mesoblast and an inner Inyer derived from the epiblast, 
‘The faleo amnion likewise consists of mesoblast and epiblast, but 
here the epiblast is external. The true amnion is continua wits 
the skin of the embryo, and when the foetus is watvare, Tae cone 
nection may be traced by the umbilical cord, around SSeS 
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Vitelline membrane, After the mevoblast has split into two layers, 
the aplanchnopleure becomes bent inwands at a point some distance 
from its origin, carrying with it the hypoblaxt. By this enrve an 
upper constricted canal is differentiated from the large lower cavity. 
‘This upper canal becomes eventually the alimentary tmct, the 
lower cavity the yolkeae, whilst the constricted portion leading 
from the one to the other is the canal leading from the intestine to 
the yolk, called the ductus witello-intestinalia, 

At first the splanchnopleure encloses only the upper part of the 
yolk, but as development proceeds it grows around, and at last com~ 
pletely encircles it. The yolk-sac is thus derived from the splanch- 
nopleural layer of the mesoblast, and its lining hypoblast, 

‘The yolk is continually used up for the nutrition of the embryo, 
and its covering shrinks in size, becoming smaller with the growth 
of the foctus, until eventually it forms but a shrivelled protrusion 
from the intestine, lying in the umbilical cord, 

‘The importance of the yolk-sae differs lanyely in mammatia and 
bins, In man it ia not highly developed, as ita place is early 
supplied by the placenta. In binds, however, it develops to a much 
higher degree, being the seat of a special circulation, which ¢ear- 
ries nourishment from the yolk to the chick, The vessels are 
developed in the mesoblastic portion of the membrane, and are 
called the omphaloemesenteric vessels, which convey blood to and from 
the primitive heart. 

(3.) The allantois, or urinary vesiele, in the chick is of import- 
ance, as the vessels developed in it are used for respiratory pur- 
poses, being spread out beneath the porous shell, In the mamma- 
lian embryo it is still more important, as it is the seat of the 
circulation, which performs the chief function of the festal placenta, 
‘The allantois arises at the tail of the embryo, as a budding ont- 
wards of « portion of the splanchnopleure forming the wall of the 
primitive intestine, It is lined by hypoblast, and projects into the 
pleuro-peritoneal cavity. As it grows away from the embryo it ex- 
tends between the layers of the true and false amnion and approsches 
towards the vitelline membrane, but remains connected to the in~ 
testine by a narrow tube, When it reaches the periphery of the 
ovum, it spreads over the chorion ax a complete lining, and sends 
processes into the villi of that organ. It becomes chiefly developed, 
however, at that part of the chorion which is opposite the nlecitie 
verotina of the mother, In the mesoblastic layer of tho allantata 
Dlood-veasels arise which are connected with large: eqssuh prea 
from the primitive aortm, called the umbilical atten, 
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will, however, be further described when treating of the fet 
placenta, - 

Aa the feotus becomes developed, the part of the allantols ie 
nection with the boly becomes gradually obliterated. A pata ® 


Diagram of an embryo, showing the relationship of the visamuier alleatdelt 
‘the villi of the choriem (Qudiiat.) 
Lies in cavity of the amnion under the: Ls Yolkwune, hm 
&, Vowels of the Atlante dippdng fato the vl of the Cintas my Cltatans 


remains ax the urinary bladder, and the rest forma @ Silene: ek 
which runs from thi x of the bladder to the umbdliens, aol ® 
known as the wrachws, 

(4) The Chorion is the external covering of the ovum. At fit 
consists simply of the zona pellucida ot vitelling -menbmine sal 
then it is called the primitive chorion, Later, however, i i 
plemented by the part of the somatopleure removed fieun the a> 
bryo in the process of forming the amnion. ‘This Blends ss 
primitive choriou and strengthens it, and while ying 
zona pelluciila, reo the name of the subeohal men 
Tho chorion at Girt is a woth membrane, bat 
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its upper part, where they aid in the formation of the fatal 
placenta 

The allantois, when it has spread over the chorion, becomes 
blended with this membrane, and fills the villous processes with the 
blood-vessels it containg 


Tue PLacenta. 


The placenta is a most important organ to the mammalian embryo, 
It conveys not only nourishment but also oxygen from the maternal 
Dlood to that of the fostua, It is, of course, necessary that the 
animals whose ova do not contain large stores of food, should in 
some way provide the substances necessary for the life of their em- 
Uryo, and it is by means of the placenta that this is brought about, 
The embryo of aviparons animals docs not require a placenta for 
its nutrition, «ince inside the egy is alange store of highly nutritious 
albuminens and fatty materials; the shell is pervious to air, and 
the chick's blood can in the allantois be oxydised by the air directly. 
A binds egg contains in itself all the necessaries which the placenta 
supplica, and when impregnated only requires the heat of the mother's 
boily to develop a chick. 

. While an ovum is descending the Fallopian tube, the mucous mem- 
‘brane of the uterus becomes turgid, and, as before mentioned, if the 
ovum be unimpregnated it is asst out of the body, part of the sub- 
stance of the lining membrane of the uterus ix desquamated and 
discharged with a Muid largely composed of blood. This takea place 
approximately every four weeks, and henee is called menstruation. 
If, however, the ovum be impregnated the mucous membrane of 
the uterus not only becomes turgid, but its cells proliferate, and 
considerable thickening of the tissue takes place, The mucous 
iembrane is then called the decidua, Whon the ovam reaches 
the uterus it ordinarily becomes embedded in that part of the 
decidua which oceuplea the fundus of the uterus, The decidua 
here grows excessively, and becomes much thickened, and on cither 
side of the ovum « projection is sent from the decidua which meeta 
Uelow the ovum, and completely encireles it. 

To the membrane lining the general cavity of the uterus the name 
decidua vere is given, whilst that fart lining the fundus, to which 
the ovum is attached, is called the decidun serotina, its processes 
surrounding the ovum receiving the name of tho decidua neflera. 

‘The placenta is dereloped from two sources, one waving, Lroxn 
tho sweambmaaes of the fortas, and the ether velouzhuyg to xe weRBES- 
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Relation of the fatal to maternal placent—The maternal part 
is formed from the decidua serotina, which becomes much thickened 
and very vascular where the placenta is attached. The fwtal 
placenta is derived from the chorion, which sends out a num 





Fig. 253,—Antero posterior section through « gravid uterus and ovum of five weeks 
(alien Thomeca,} 


{seani-dingrammatio), 
«. Anterior wall of uterus. re Dewiidua reflexa, 
2» Posterior wall of uterus, % Deeks vera. 
im. Muscle substance. A. Chorion. 
g. Glandular layer, ott, Uterine cavity, 
#4. Dovidua serotina, Cavity of the coryix, 


ver of finger-like processes, which eub-divide, and into which 
the allantois, as it spreads over the chorion, wenda yhoo 


tiona, The mesoblastic layer of the Mlantcia gives 5 bs a 
° 
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capillaries which are in these processes, The 
from the branches of the umbilical arteries 
umbilical cond to reach the chorion, Tho 
serotina or maternal placenta end in lange 
dothelial cells, The blood is carried to these si 
arteries, and from them by the uterine veins. 
sinuses are provided with unstriped musonlar ti: 
the inlets from the arteries, and thay shut ont 
villi of the fectal placenta, dipping into these uterine 
covered with a single layer of thin sealy cells, so 
blood is only separated from thé maternal by the 
capillaries and these thin cells, and thus the 
materials and gus readily go on between, 
to the conditions of the lung alveoli, where 
from the air with which it interchanges gases 
capillary wall and of the Tung alveolus, 
Though the capillaries of the footus are 
to the blood of the mother, it mnst be distinct: 
there is no direct communication between the ¥, 
and those of the mother, and therefore it ia 
the vessels of the mother through these of 
verei. 
‘The nutrient materials from the maternal 
oxygen diffuse through the walls of the feotal 
effete matter, on the other hand, passing from. tho enpillaries te 
Viood in the veins which surrounds and bathes these 
placenta increases with the growth of the footus till 
Dirth, when it is said to undergo a certain amount 
tion, It fs cast out of the uterus after the expulsion 
with the membranes attached to it, Itik, however, 
ficial layer of the maternal placenta (which ix int 
ith the foetal placenta) that is cast off, the 
in the nterus, and undergoing varions ol ad 
of thia organ to its normal size, 
After ligature of the umbilical cont, the intimate 
of the maternal and fectal circulations cease, and it fx 
this causes the inlets of the uterine sinuses to 
when the placenta sepanutes from the utering 
Tending! to tho sinuses are contracted and 
clota, The uterine blood current is thus pro 
into the uterine cavity afer yorunkSon, w\ Satie sel 
hemorrhage. - 
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The uses of the placenta may be briefly summed up as— 
(1) Alimentary, os it supplies the place of the alimentary 
canal. 
Respiratory, as it performs the fanction of the lungs 
(3) Kecrctory, ns it does duty for the kidneys and some other 
excretory organs. 





CHAPTER XXXVIIL, 
DEVELOPMENT OF THE SPECIAL SYSTEMS. 
Devetorsext of TH VERTEBRAL Axts, 


Tne carliest evidence of the differentiation of the Dladahe 
consists in the appearance of the primitive «treak which 
first sign of the emis 


Pig. 290.—View of the area pellurita of a chick 
‘of eighteen houry seen from above. (Foster 
and Halfour.) 

A. Medullary fol. 
or. Medullary 
p+. Primitive stzonk aad groove, 


‘These are clovations of the eyes, which, 
blast is thickened, ‘They exe im row, Where they 
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immediately behind the head fold, whilst posteriorly they diverge, and 
passing on either side of the primitive groove, gradually become lost. 


Fig. 200,—Transverse seotion of the embryo of a chick at the end of the frst day. 
(Koaliker, 


1, Mesolast. Fr, Medullary groove. —R/. Modul lary fol. 
wal. Hypobilast. ch. Chorda dorvaie. 

=, Medullary plate, wiep. Protowvertebral plate. 

As Bpitlast, wwh. Division of mesoblast. 


Between the two folda is a furrow lined by epiblast, which is called 
the medullary groove. 

‘The medullary folds growing upwards, turn in towards one another, 
and eventually coaleace at their line of moeting, converting the 


te of 





Fig, 291-—Trancverso wootion of an embryo of « click at the lntter enit of the second 


day. (Kolker) 
re. Medullary fold. dd. Uypoblast, 
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medullary groove into a channel—the medullary eenal; this union 
of the folds takes place from before backwards. 

‘The medullary eanal ‘thus formed lies in the axis of the embryo 
on the uncleft mesoblaat ; ft is covered in superficially by several 
layers of epiblastic cells, which also Vine Ws walls, Woe cara So 
tho earliest representative of the nervous cantres, wal exenkeas 
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These protovertebrm become subdivided hy transverse fissures into 
external parts, the mule plates, which form eventually the dorsal 
and other muscles, and internal parts which become the permanent 
vertebra, 

From these inner portions processes of mesoblast grow upwards 
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over the medullary canal to meet with processes from the proto- 
vertebre of the opposite side, Mesoblastic tissue also grows in- 
wards between the medullary canal and the notochord, aml between 
the notochord and the subjacent hypoblaat, 

Theso projections beneath the notochor\ week with. yrsyerasun Sse. 
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mass of the mesoblast, which lies between the protovertebre and 
the cleft mesoblast, which is known as the intermediate cell mass 

‘The portions of the protovertelrm above the medullary canal form 
the arches of the vertebre ; from those surrounding the notochord 
the bodies of the vertebrae are developed, 

‘The outer part of each protavertebra divides into an anterior or 
preaxial part, from which arises the ganglion of a spinal nerve, 
and into a posterior or post-axial part. 

After this the original lines of separations between the protorerte- 
brw disappear, and the spinal column ia fused into a cartilaginous 
mast. New segmentation now appears in the centre of cach original 
protovertebra, midway between the primary divisions, Thus the 
vertebmil column is divided into a number of component parts, each 
of which is destined to become a permanent vertebra, 

‘The vertebre do not then correspond to the original protover- 
tebre, but rather to the posterior half of that which layin front of the 
primary division joined to the anterior half of the one behind, ‘The 
ganglia of the spinal nerves, therefore, by this arrangement, instead 
of belonging to the front of the vertebra become joined to the posterior 
part of the vertebra, to which they belong, 

The notochord atrophies with ossification of the vertebra, and 
finally is represented only by a mass of soft cells in the centre of un 
intervertebral dite, 

Jn conneetion with the yertebre in the dorsal region, processes 
grow horizontally, these are the rudiments of the ribs, 





Deveorment oy THe Cextaat Nenvous Syste. 
Spinal Cord. 

Soon after the elosure of the medullary or neuril eanal at ite 
anterior or cranial end, it ix dilated in this region into three vesicles 
known as the first, second, and third cerebral vesicles, from which 
tho brain is developed. The spinal cord is formed from the part of 
the medullary canal which lies over the chorda dormlis, The 
medullary canal i Hned by colummar cells derived from the epj- 
Dlast, which, shortly after they are shut off from the general epiblast, 
develop at the sidea of the canal, so a8 to narrow the lumen of 
the tube by the increase in thickness of its sides, The upper and 
lower parts of the canal do not, however, become thickened. The 
lateral walla approximate to the centre, decreasing, Waivers Soc 
Tumen of the canal, which becomes narrow in Yee wie Wes 





Nig. fet nl a chick of seven days, (Poator anil 
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The Brain, 

Anterior cerebral vesiele—Aa already mentioned, the brain i+ 
formed from the primitive neural canal, the anterior part of which 
becomes dilated into three little swellings called the anterior, 
middle, and posterior cerebral vesicles. From the anterior, or first 
cerebral vesicle, at an carly period spring two processes, which be- 
come the optic vesicles, These ultimately become developed into 
the retina and other nervous parts of the eye, with the history of 
which the changes occurring in them will be described, 

The optic vesicles ars displaced downwanls by two processes 
growing forwards from the anterior cerebral vesicle, which becomes 
divided into two parts, the anterior of which is subsequently de- 
veloped into the cerebml hemispheres and the olfactory Wea, we. 
the hinder part receives the name of thalamencephaton. es 

The cavity of the thalamencephalon opens Wekind WwXo Tos esos 
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‘are separated by the ingrowth of a septum, which ix ultimately 
formed into the fale cerebri, The hemispheres are then greatly en- 
Jarged in the backward direction, #0 that they quite overlap the 
thalamencophalon and the parts developed from the middle cerebral 
vesicle. The corpns callosum is subsequently formed by the fusion 
of the juxtaposed parts of the hemispheres, 


Th. Optic 


striatum, 
bellura, Mo. Sedalia 
3, Hind vontricle. 


oblongate. 1. Lateral vent 
4. Fourth ventricle. + Beg So 
From the anterior part of the cerebral hemispheres arise two pro- 
longations, which develop into the olfactory bulbs, these grow for- 
wards, and soon lose their cavities which at first communicated with 
those of the ventricles, 
Middle cerebrot vesicle. —By the cranial flexure the brain is bent 
at the junction of the first and second cerebral vesicles, the first cere- 
bral vesicle is thus turned downwands, leaving the second vesicle a» 
the most anterior part of the brain. 
‘The upper walls of the second cerobral vesicle am develoyed ‘ves 
the corpora quadrigernina, 
The cavity of this vesicle persists 0&8 | narrow Shamma HA AGES 
a communication between the third ventricle in fron. wa S 
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which runs backwards, leaving the somatopleure, to form the 

pleuro-peritoneal space. It then turns forwants to meet with the 
uncleft mesoblast, forming the wall of the yolk sac, which communi- 
cates freely with this rudimentary part of the alimentary tract, 

This canal becomes closed in for a considermble extent, and is 
then called the fore-gut, It is the precursor of the pharynx, the 
Jungs, the asophagus, the stomach, and the duodenum, The mouth, 
which at this period is unformed, is developed later by an involu- 
tion of the epiblast and the removal of the tissue between the fore- 
gut and the buccal cavity, 

‘The tail fold, in a somewhat similar manner, shuts off a canal 
callod the hind-gut, which becomes developed into the posterior part 
of the alimentary canal. This hind-gut until the further development 





Pig. 173,—Alimentary canal of an embryo whilst the rudimentary ie to “still 
in continuity with the'yolk suo. (Rilliker after Bischoff.) 
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J- Divertioula of the liver. 

y» Memtbrane torn from the yolk eo, 
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of the bladder, éc., ix in connection with the allantois which arises as 
a bud from tho lowor part of the rudimentary hind-gut. 
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the organ comes to lie anteriorly aud the right surface posteriorly, the 
mesoblast connecting it with the vertebral column, being developed 
into the peritoneal processes of the organ. 

‘The lower part of the fore-gut is of much «maller calibre than the 
dilated portion forming the stomach ; it becomes the duodenum, in 
connection with which arise two important viscem, the liver and the 


pancreas. 

‘The mid-gut and hind-gut form the «mall and Sarge intestines, these 
being at first one straight tube, of which the amall intestine has the 
langer calibre. The small intestine, aa it grows, falls into folds, and 
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the mesoblast connecting it to the vertebral column forms the me- 
sentery, 

‘The lange intestine is at first a straight tube lying to the left of the 
embryo ; it becomes bent, and part of the tube is directed towards the 
right side; this develops another flexure, the portion of imtesiinm 
Velow which grows downwards, Thus that yart remaining, on Tos, 
Jeft side forms the rectum, the sigmoid flexure, and Tos ee 
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fore-gut comes to be composed of an upper undivided tube, giving 
off two appendages 

‘These appendages consist of hypoblastic tissue, and as they grow 
into the surrounding mesoblast they divide and sub-divide, until 
at last they come to consist of very minute tubules, which terminate 
in dilated extremities, The undivided eanal forms the permanent 
tmehea, the appendages the main bronchi, whilst their minute sub- 
divisions are the bronehioles, which terminate in the dilated alveoli, 

The hypoblast forms the delicate lining membrane of the air 
passages, and the mesoblast gives rise to the supporting tissue hold~ 
ing them together, as well as to the blood-vessels, the muscular, 
cartilaginous, and connective tissue of the bronchial tubes, 

‘The pleure surrounding the lungs are like the other serous mem- 
branes, also mesoblastic in their origin. 


Gexrro-vmiwany Arranarcs, 
In the interval between the protovertebre and the cleavage of the 
mesoblast into its somatopleural and splanchnopleurml layers, there 
appears « mass of cells, which arrange themselves into the form of a 
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Fig. 270.—Transverse section through the embryo of » ehick on the second day where 
the medullary canal is closed. (Kulliker.) 
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ridge. This ridge, which lies beneath the epiblast, becomes hollow, 
and thus a tube is produced, which is called the Wolffian duct, 

From this tube diverticula arise, which extend into the sur- 
rounding mesoblast ; they are tubniar, and communicate with the 
central duct, whence they arise, The provemes became twisted, and 
at their extremities the neighbouring mesoblast undergoes differentiae 
tion, and forms vascular capsules corresponding, {mn vorackats Wo Sas, 
Malpighian corpuscles. This part of the Woitien Auch, Wha ess 
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of these ducts develops, In the male the Wolffian duct remains 
‘as the vas deferens, and the Mullerian duct becomes atrophied. In 
the female, on the other hand, the Miillerian duct forms the organs 


Fig. 273. —Transvetse section through the lumbar region of an embryo chick at the endl 
of the fourth day, (Poster and Balfour.) 
WR. Wolffian ridge. 
srt, Germinal epithelium, 
A.0. 


for the conveyance of the ova ont of the body, and the Wolffian duct 
is represented by a rudimentary structure near Ya ovary. 
Part, however, of the Wolffian duct in woth wexen Qseve\srys Sasi 
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to form the spermatic cells, the mesoblast becoming differentiated 
around them to form the walls of the tubuli seruiniferi. 

‘The Woltiian duct, which persists as the vas deferens, aida in form- 
ing the teaticle, the epididymis being merely a convoluted part of 
it, and the vas aberrans one of the cmcal tubes in connection with 
the duct, ‘The coni vasculosi are thought to be formed from some of 
the tubules of the Wolffian body ; they are connected to the testicle 


8. Urachus. 
&, Tentile, pr 
ss. Atrophied duetof 0) 
Tor (hydatid of or 
ugni.) 
«. Bpididymis. 
by menne of a tube which is iteelf split upinto a number of divisions 
which form the vas etferentia 
The Wolffian duct forms, besides the vas deferens, the vesicula 
seminalis (which la merely. a blind divertienlum from ite extremity); 
and terminates in the ejaculatory duct. 
The two Miillerian ducts, in the male, join and form arg es 
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‘united parts of the Miillerian ducts form the Fallopian tubes, which 
become connected to the ovaries, whilst their cavities remain eon- 
tinuous with the pleuroperitoneal space, 

In the female the Wolffian duct and body atrophy, the parovarium 
being in the adult the representative of the Woltlian body. 

‘The bladder is merély a dilated portion of that part of the allan- 
tois which is in immediate connection with the alimentary canal, 
and the urachus ix the narrowed part of the allantois connecting the 
bladder to the remainder of the allantois which is without the body 
walls of the fextus. 

While the alimentary canal is in connection with the allantois, 
the intestinal and genito-nrinary passages open into a common cavity 
at their termination ; this is the cloaca, and it ia in the farther de- 
velopment of the embryo that a septum arises, dividing thia into 
an alimentary or anal portion, and an anterior or urinary portion, The 
septum, dividing the wrogenitary from the alimentary portion of the 
cloaca, forms, externally, the perinaeum, 

At the aperture of the cloaca an eminence arises which develops 
into the penis in the male, the clitoris in the female. Around thia 
eminence is a fold of integuments, which forma the labia in the 
female, the scrotum fm the male, 

Tn the female this intezumentary covering enlarges much more than 
the clitoris and covers it in, the urethral orifiee opening just below 
the clitoris. f 

Tn the male the urethral orifice at first opens at the base of the 
penis, but eventually « groove is formed on the under surface of 
this organ, which becomes converted into a canal, and forms the 
urethra. 


Broop-Vascunar Sysrem. 


In the mammalian embryo this may be appropriately divided into 
two systems of different dates; the first, or early circulation, which 
is confined to the yolk me; and the second, or later circulation, 
which passes through the placenta, 

The Primitive Heurt arises from the splanchnopleuml layer of 
the mesoblast, just at the point where this forms the under wall of 
the fore part of the alimentary canal. When the formation of the 
folds of the embryo was described, it wws stated that the groove 
of the cephalic fold tended to grow backwards towards the tail end 
of the embryo, This groove is limited behind by the somato- 
pleural layer of the meroblast, and posteriorly Yo Ynis ta a catty 
formed by the eleavage of the mesblast, called Ye yo 
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Each primitive cavity of the heart is divided into two by the 
gradual growth of partitions, and thus the four permanent heart 
cavities are developed. 

Externally a notch shows the division of the ventricle into right 
and left cavities, whilst from the inside of the right wall there grows 
@ projection which sub-divides the ventricle internally, This septum 
is, however, not at once complete at its upper part, a communication 
between the right and left sides of the heart remaining for eome time 





Fig. 289.—Diagrammatio views of the under surface of an embryo rabbit of nine days 
and three hours old, showing the development of the heart. (Allen Thomson.) 
A, View of entire embryo. B, an enlarged outtine of the heart of A.C, # later stage 
of the developmentof B, 4, Uounited heart. aa, Aortm, VV, Vitelline veins, 


above this partition. With the growth of the inter-ventricular 
septum, the external noteh becomes less prominent, but it is perma- 
nently recognisable aa the inter-ventricular groove. 

In the auricles a fold develops from the anterior wall, which 
ultimately unites with a process of later develoyment. fram Toe 
posterior wall, This septum is not complete Quring, Soka Wey wer 
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are not strictly 0, as they exist for a short time coincidently, and 
arise in connection with one another from the same heart, 
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‘Fig. 260,—Diagram of the efroulation of a chick at the end of the third day, (Foster 
‘and Balfour.) 
t Heart Rhy h palo 
Tat hore wohee (td, tj and 4h) eter atte 
Ab. Dorsal norte. 8. Sirun venom, 
LngfAny B.0fA. Right and lett omphalo- 0. Duet of Cuvier. 
mesenterio arterién. z a 
ST, Sinus teerninabie, 
(a) The earlier or vitelline eirewlation is that which is directed to 
the yolk «ac, the embryo obtaining nourishment from the vitellas or 
yolk ; this is, however, an ongan of quite secondary importance in 
the mammalian embryo, and hence this circulation way Wwe Weaker 
studied in some such animal os the chick, which depends, Vacoagaes 
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Aftera time the right ambilical and right omphalo-mesenterie veing 
disappear, whilet from the trunk formed by the junction of the left 
umbilical and left omphalo-nesenteric veins, branches are given off 
to the liver (the rene: adorhentes), and at a point nearer the heart, 
vessels are received from the liver (the ence reeehentes). 





arterion: 
*', ‘Their endings in the placenta. 
', Umbitioal vein, 





V. Donal aorta, 

1. Omphalo-toventeric artery. 
dio, Vitelline duet, 

of. Omphalo-mesenterle velit. DO. Duet of Cuvier, 
of, Umbilical vesicle. P. Langs, 





To the part of the vessol intervening between the origin of the 
ven advehentes and the entrance of the yenw revehentes is given 
tho name of the ductus nos 

Thus it may be seen that in the ylacental civewlation ie Not 


conveyed from the aorta, by the ‘umibiliea\ wrteries, Vo SS 
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© The fourth left arch, in mammoalia, becomes the permanent sorta. 
fh At the junction of the fourth and fifth left posterior roots the left sub- 
§) clavian urtery is given off. In birds the right fourth arch is tnins- 
0 


Fig. 259.—Diagram of tho aortic arches. 
the periaanent vessels arising from 
' thom are shaded darkly. (Allen 
‘Thomson after Hathke.) 
| 1,2,3, 4, 5, Primitive aortic archos 
of right wide, 
111 Hh 1¥. Pharyngeal clefts of the 
eft side, showing the relationship 
of the clefts to the aortic urches. 


A. Aorta. 
#, Pulmanary artery. 





of Right and left subclavian arteries. 
wo’. Wight and lett vertebral arteries, 
¢. Common carotid arteries. 

e. External carotid, 

ef, ef, Right and left internal caroth, 





formed into the permanent aorta; and in examining the development 
of the aortic arch of the chick, it must be borne in mind that it is on 
the opposite side to that it oceuples in man, 

On the right side the anterior root of the fourth arch, and the 
part of the aortic trank leading to it, persist as the innominate artery, 
the fourth arch being represented hy the right subclavian artery. 

‘Tho part of the primitive aortic trunk joining the fourth and third 
right anterior roots becomes the common carotid artery of the same 
aide, whilst arising from this is the internal carotid, which, taking the 
position of the thinl arch, passes to the posterior roots, and occupies 
the trunk of the primitive aorta from the third to the first arches. 

‘The external carotid, arising from the common carotid at the thind 
anterior root, occupies the position of the vessel joining this root to 
those of the second and first arch, 

On the left side the common carotid and its branches are developed 
similarly to those on the right, the only difference being that the 
common carotid arises from the aorta and not from the innominate. 

‘The iliac arteries are developed from the hyyommic. NY fe 


they appear as brinches, but with the growth of the Nee Se 
aa 
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the blood from the trunk and lower extremities to form a yeesel 
on each side, called the duct of Cuvier. 

From the lower extremity of the embryo the inferior vena cava 
commences by the union of the external iliac veins; this 
up and opens into the venous trunk common to the left vitelline 
and left umbilical veina. 

‘The left vitelline becomes continuous with the vessels from the 
common trank going to the right side of the liver (the right vena adl- 
yehens), and forms the main trunk of the portal vein (e, fig. 290, 
B.&D,). 

At this stage of the formation of the veins there are three trunks 
opening into the auricle, the right and left ducts of Cuvier and the 
inferior vena cava, 

As development proceeds, the lower parts of the cardinal veins join 
the external iliac veing, forming the eommon iliacs, and eo return 
their blood into the inferior vena cava. 

The upper parts of the caniinal veins bocome continuons with the 
posterior vertebral yeins which convey the blood from the parietes 
of the embryo, Between the latter a communicating branch is 
established, which helps in the formation of the azygos vein. 

‘The ducts of Cuvier, which at first were placed almost at right 
angles to the auricle, become more oblique in their direction as the 
heart deacends, 

Between the primitive jugular veing @ eros branch is developed, 
which conveys the blood from the left side of the head and upper 
extremity to the duct of Cuvier of the opposite side, 

‘The left duct of Cuvier, below the communicating branch, atrophies 
and forms part of the coronary veins of the heart. The connection 
between thia and the yein aboye the eross brunch being, in the 
adult, represented Ly a mall vein, or & band of fibrous tissue, called 
the vestigial fold of the pericardium, 

‘The cress branch from the left tothe right jugular becomes the left 
innominate vein. The right duct of Cuvier and the right jugular 
below the entrance of this cross branch, forma the superior vena 
cava; whilst the partof the right primitive jugular immeliately 
above the entry of the left innominate vein, forms the right innomi- 
nate vein, 

The posterior vertebral vein of the right side forms the vena 
azygos major; the corresponding branch of the opposite side, together 
with the part of the left primitive jugular below the eross branch, 
forms the left superior intercostal vein ami ae wayetor xem 
azygos minor, The lower part of the lef ‘porterior ete Sa, 
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together with the connecting branch to the right vein, remus) 
inferior vena azygos minor, 
Fetal Cirewlation :—The course taken by the blood tives 


heart and vesscla of the embryo differs essentially from that 4 
persists in adult life, 


2 the eireulaton the 
Pig. 299, Dhagram Miestinting ie ek ein iy heart end the pried 
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Ff, Portal vein. ( Dawtian attexionma 
Trcing the blood from the placenta, it pases along the 
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reach the vena eava,ime which falluwsthe ductus yenewtas snd on 
the Liver, the otlver which james rs Tike Seite Cea 
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to the liver, and proceeds by the venm revehentes (hepatic veins) to 
the inferior vena cava, which receives all the blood passing by both of 
‘these channels. From this the blood is emptied into the right auricle, 
and hence is guided by the Eustachian valve through the septum by 
the patent foramen ovale to the left auricle, From the left auricle 
it pases to the left ventricle, which contracts and sends the blood 
into the aortic arch, where it is split up into two streams, one of 
which passes into the vessels of the head and neck, the other by the 
descending aorta to the trunk and lower extremities. 

‘The blood from the head and neck is returned to the right 
auricle by the superior vena cava. The blood from this vein passes 
through the auricle to the right ventricle, which sends it through 
the pulmonary artery towards the lungs. 

The pulmonary artery, however, in the embryo, has one very large 
‘branch, called the ductus arteriosus, which joins the aorta at a point 
just below the origin of the vessels of the head and neck ; hence the 
main part of the blood passing from the right ventricle reaches the 
aorta by the ductus arteriosus, and only a very «mall part goes to the 
Jungs, to be returned from them by the pulinonary veins to the left 

icle, 






blood from the ductus arteriosus blends, therefore, with that 
in the aorta which ix passing to the viscera and lower extremities. 
‘The main part of this blood travels by two large branches of the 
aorta (the hypogastric arteries) to the placenta, where it is aerated 
and purified, &e, 

It is evident, then, that as the placenta is the great renovating 
organ of the blood of the fectus, that the blood in the umbilical vein 
is the most arterial in the fectal circulation. ‘The blood in the ascend- 
ing vena cava and first part of the sorta is likewise fairly arterial, 
‘Dut the blood in the descending aorta is of a mixed charneter, ax it 
contains blood which has nourished the head and neck, besides blood 
which has come from the placenta by the inferior vena cava through 
the right auricle, foramen ovale, left auricle, and left ventricle, 

As the fectal lungs are not called into play until after birth, but 
little blood posses to them in the fostus; this state of things is 
however completely altered at birth, when the lungs of the child 
expand, the pulmonary arteries increase in size, and the ductus 
arteriosus dwindles in a corresponding degree. 

‘The liver, which in the footus is of relatively greater size than in 
the adult, receives much blood coming from the placenta to the heart, 
ond is thought to contribute to it several exential eonmivacnta. 

The head and brain, which are langdy Qeveoyed Ww Ye sory 
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which contains the rudimentary lens. At the lower part an interval 
is left, which receives the name of the choroidal fissure. Through 
this gap in the secondary optic vesicle the mesoblast enters and 
separates the lens from the optic eup, and forms the vitreous humour. 
‘The mesoblast surrounding the optic cup develops two coverings 
of the eye, an outer fibrous capsule called the sclerotic coat, and a 
ynseular cont, the choroid, which lies in contact with the outer 
layer of the optic eup. 
In front of the long, beneath the epiblast, the mesoblast forms the 
corneal tissue proper. The epiblast 
forms the epithelial or conjunctival 
covering of the eyeball. 
The involution of mesoblast through 
the choroidal fissure, which forms the 
vitreous humonr, indents the optic 
stalk, and forma the central artery 


gradually obliterated, and its position 
may sometimes be marked by a perma- 
nent fissure in the iris (coloboma iridé 
‘The rudimentary lens ia a spherical 
body, hollow in the centre, made up 
‘of tn anterior and posterior wall, ench 
of which is formed of columnar cells, 
The posterior wall of the lens in- 
creases greatly in thickness, and ap- 
prouchiny the anterior wall obliterates Fur. #02—Seetion throngh, the 
the original cavity of the lens, doy, abwiog: the otigin of 
The cells forming this wall become tholens. 
very much elongated, and form long © Bplblast thickened at r, which 
fibre-like columnar cella. The cells of {the Polot of origin of the 
the anterior wall from being a colum- 
nar epithelium, are modified to a fla 
tened epithelium, and finally become 
the layer of epithelium lining the anterior surface of the expsule of 
the lens, The capsule of the lens has boen variously considered 
ng from the cells of the lens substance, or aa originating froma 
a thin layer of mesoblast, which forms not only the lena capsule, 
but aleo the hyaloid membrane, which is continuous with it, 
‘The optic cup gives origin to the retina, The inner or anteediore 
layer of the cup becomes thickened, and from Wt are UWlerentiaked tos 
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In front of this the anterior rim of the optic cup passes forwards 
and lines the posterior surface of the iri, forming the uvea of that 
organ, and terminates at the mangin of the pupil, 





ig Ss fate eget Os eee Sinals 
+ Bongnting epithelial calls forming lens: Capeule , Cutaneors 


of ose teow tae ate ee ein a 
‘veloping optic nerve. 


‘The rest of the substance of the iris is developed from the meso- 
‘blast, from which also arise the choroid, thé cornea and the selerotic. 

‘The development of the eye may be thus beielly described. An 
offshoot of nervous matter from the fore-brain, forms the retina and 
the uvea, and its stalk, or connection with the brain, develops into the 
optic nerve. 

An involution of epiblast which grows into the nervous enp forms 
the lens, whilst from the adjacent mesoblast the surrounding parts of 
the eye arise, ‘The vitreous is produced by the mesoblast growiwg, 
through a fissure in the lower part of the optic aay \o WL Wa catieg 
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epiblast, and is then converted into a cavity and receives the 
name of the otic wesiele, It soon becomes somewhat triangular in 
shape, the base of the triangle lying upwanis. 

From the lower angle arises a projection, which is the rudimentary 
canal of the cochlea. The angle lying next to the neural epiblast 


Recensus vertibuli, Horizontal semniciroular anal. 
‘Vertical Semiciroular canal, ©, Auditory gungtion, 
6.0, Canal of the cochlea. 


similarly gives off a tubular process, which furms the recessus 
vestibuli, 

Elevations in the primitive vesicle indicate the origin of the semf- 
circular canals, which become tubular, opening at their unds into the 
xeneral cavity of the vesicle, Tho two superior canals are the firat 
to appear, the horizontal canal rising somewhat later, 

The part of the otic vesicle in connection with Yas eanak ok Yee 
covklea becomes separited from te latter Wy a warts CONES. 
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sphenoid portion ; the interval is the rudiment of the solla tunica, 
which is occupied by the pituitary body. ‘Tho part of the mesoblast 
in front of this, is called the spheno-ethmoidal portion. 

From the occipito-sphenoidal portion are developed the baxi- 
occipital together with the posterior part of the sphenoid. At the 
sides of the medulla oblongata processes are sent up, which unite 
round it and form the fommen magnum. Laterally the mesoblast 
envelops the auditory vesicles and forms the side portions of the 
occipital Lone, 

In the cartilaginous antecedent of the temporal bone there are 
three centres of ossification—the epiotic, which develops the mastoid 
process ; the protic, which is in the region of the superior semi- 
chwular canal ; and the opisthotic, which is at the cochlea. 








298.—Basis cranii of a chick, 
sixth day, (IKuxley.) 


3, Trabeeulre, 

4. Pituitary space, 
1, Notochont. 

5. Internal ear, 





» Pituitary body, 


The spheno-ethmoidal portion develups the anterior part of the 
sphenoid together with the ethmoid bones and the cartilaye of the 
acptum of the nose, the first arising from the buck part is developed 
from membrane. The trabeculo are carried forwards, aud bending 
down at the nasal depression form the lateral nasal cartilages and 
the anterior part of the septal cartilage. 

The face is developed in connection with ridges known ax the 
visceral folds or arches, between which are a wamber of defia, oe 
eisceral clefte, 
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‘The cavities of the nasal depressions at first open into the buccal 
cavity by means of the nasal grooves; after a time, however, pro- 
ceases arise from the superior maxilla which grow inwards, ami 
finally meet one another in the middle line, forming a broad plate 





Fig. 901.—Vertical section af the head of an emliryo of a rabbit, (MThalkovie) 
In A. there isno connection betwren the baceal cavity and the foregut. In B, the 


‘couinection is eatabliahed, 
m. Rpiblast of neural oxnal. te. Dart of thisis eranit which reeelvoe 
‘Ae Moart, —_¢ Cavity af fore-brain. the pituitary body. 
me. Cavity of mid-brain, om. Amnion. 
mo, Cavity of medulla. + Rast of heart envy going to fora 
ava Sphenooecisital parte of the he pltstary body. 
MPs Antal part of the a Noveckord, 
¥. Infundibulam, 


of tissue intervening between the nasal cavity above and the buceal 
cavity below. The palate when complete in front gradually closes 
towards the back of the buceal cavity, and here the communication 
Detwoon the nose and the pharynx is left, 

Imperfect development of these parta gives rise to the common 
congenital deformities, cleft-palate and hare-lip, 

The first cleft is the hyo-mandibular; it forms the tympano= 
Eustachian cavity, which becomes separated from the surface by the 
closure of its outer end by the growth of the membrana tympani, the 
external auditory meatus and ear being formed by an outgrowth of 
the tisaue surrounding the tympanic membrane. 

The mandibular arch contains, close to its connection with Soa 
superior maxillary process, a rod of cartilage, called Medkels carOage, 

a 


610 ‘ MANUAL OF PHYSIOLOGY. 


This becomes partly converted into the malleus, partly into the 
internal lateral ligaments of the temporo-maxillary articulation 
The second, or hyoid arch, gives origin to the incus, the «ve 
hyoid process and ligament, together with the lesser wings of the 
hyoid bone. 
From the third arch arises the body and greater wings of the hysil 
bone together with the thyroid cartilage. 


GLOSSARY. 


Abscissa, ‘Tho linc forming the basis of measurement of graphic reeords, along 
which the time measurement is commonly made. 

Accommodation. The focussing of the eye for different distances; it depends 
upon changes in the lens, which beootes more convex for near ob ots 

Acinous glands. Sccruting organs composed of small mocules Glled with glane 
ater pelea connected with the twigs of a branched duct ; like the berries 
on a bunch of grapes. 

tissue. The follicular part of lymphatic glands composed of reticular 
tissuo containing the lymph corpuscles. 

Adequate stimulus, ‘Tho particular form of stimulus which excites the nerves 
endings of a special none argan. 

Afferent nerves. Nerves bearing impulses to the great nervous centres, from 
the various qarts of tho body, #0 as to givo information to the scnsorium, or 
to excite reflex actions. 

Agminate glands, A name appliod to those lymph follicles that occur in groups 
in the lower part of the small intestine. 

Albumin, A torm, derived from the Latin for the white of ejx (albumen), used 
in physiology to denote a complex chemical substance ‘which may be obtained 
from ova, blood-plasma, and many tissues of animals and plants, 

jbuminoids, A class of nitrogenous substances allied to the albumins in com> 
position, but differing from them in many important respects, 

Hantols, A vascular out-growth from the embryo which in mammals to 
form the placenta, and in birds becomes the respiratory organ of the em 

Alveoli, The term used to denote the small cavities found in some parts, such 
‘as the air spaces of the Tangs, 

‘The membranous mo which grows around the embryo and eavelops 
the fotus while it is being developed én utero, 

Amoba, A unicellular organism consisting of a niuclented mas of protoplasm, 

Amorphous, Without definite or regular form ; the opposite of crystalline, 

Amylolytic, Relating to the conversion of starch into dextrine and grape sugar. 

Amylopsin, A ferment in tho yancreatlc juice, which converts starch into = 

sia, A condition of the nervour centres in which pain cannot be felt, 
ordinary tactile and other sensations remain unimyaired, 

Analysis, A separation into component parte; the aplitting up of a chemical 
compound into its constituents. 

Amastomoses. The direct union of blood-vessels without the intervention of a 
capillary network, 

Anclectrotonus. A peculiar electric condition of a nerve, resviting Yom Tos 
passage of A current through the nerve, but confined vo Une regan wares Sos 

current enters, é,, the neighbourhood of the poritive pole. 
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Con: Afferent. 
Cont Esferont, 
Cerebral vosicles, Primitive wwollings on the yrimary noural tube of the early 
embryo which develop into the brain. 
oaths lea Substances which cannot be split up into components, and 
fore are regarded as simple, 
oblonga ‘The green colouring matter of the colls of plants, It is suj 
ta be the agent which, under the influence of light, decomponen carbon dioxide 
and water to form tho cellulase and starch of the the plant, 
A mibstance occurring in the bile, white matter of the train ant 
vinal con, and in small quantities in many other tiswes, Chemically it 
‘® triatomic alcohol. 
Chords dorsalis. The precursor of the vertebral column of the embryo, 
@horion. ‘The outer layer of the membranes of the ovam, part of which becomes 
vascalar, and helps to form the placenta. 
Choroid, The vascular cont of the eyo-ball. 
pane! ration, Tho alteretion’ of white light into prismatic colours 
during Us yang pamage through an ordinary lens, 
Chyle. © fluid absorbed from the small intestines by the lactenls. 
Cilia. Minate vibratile processes which occur on tho surface cells of the respira- 
tory and many other epithelial membranes. 
Gironmvallste: La fe papile ituated at the tack of the tongue, ‘They are 
surrounded by a the walls of which Iie taste bude 
Cloaca. Tho common opening of the gonito-urinary organs into the primitive 
ain it of the embryo. The cloaca persists in birds, 
‘hat condition of quasi-dissolved matter im which it will not diffuse 
gr igh a membrane such as parchment, The ite of crs 
Co-ordination. ‘The adjustment of — ‘otions for a definite — as when 
ihe nerve-ceutces ciuse varios Uéinot, srestlen (a'Sol Segther Wil eilans 
complex movementa, 
Cytod, A term suggested to denote aliving protoplasmic unit which hasno sucleus, 


Docidua reflexa, The outgrowth of the uterine mucous membrane which sur- 
rounds the ovum. 

‘Decidua serotina, The of the modifed mucous membrane of the uterus in 
which the fecundated owam is lodged. 

Decidua vera. Tho altered mucous membrane of the uterus, which Ines that 


daring gestation. 
Dogiutition. Th tthe a act of swallowing. 
“paras ition, The term used to denote the casting off of the ontor layer of the 


Dialysis, The diffusion of soluble crystalloid substances through membranes 

uch ax parchment, 
‘The period of rolaxation anc rost of the heart's muscle, 

Dicrotiem. pri Rene ire permet a ‘Tho dicrotic ware ia pen on 
the deseen ee) jubse Curve. 

Dioptrio media ie, soch as thove parts of the e7e which 1 
MeFeach th Vighh tne tasgla conse Gr Seselien tea ata 

Distal, A torm uscd to denote a relatively far from the contre, 

Ductus arteriosus, A short bond of union between the torepep Egle’ artery and 
the sorta, which ia tho fue caries Mod frm te ight da eart (otes 


aorta, 
Ductus venosus, A vessel whieh, in the foetus, carries ‘Vood trom, Wve walsitied 
vein to the veos cava, After birth it becomes ® flbroan cart, 
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Globulin, A form of albumin insoluble in pure water but soluble in weak 

lutions of common salt. 

Glomerulus, A bundle of capillary loops which form part of the Malpighian 
boily of the kidney. 

‘Glycocholie acid. An avi Jargo quantities combined with soda in 
the bile of herbivorons animals, and in lessor quantities in man. 

Glycogen, Animal starch ; m substance belonging to the carbohydrates, which is 
mule in the liver. It may be readily converted into grape sugar—from 
which fact ite name i» derived. 

@ustatory. Portaining to the sense of taste, 





Hamstin, A dark-red amorphous body containing iron 5 obtained from the de« 
‘composition of the colouring matter of the blood (husmoglobin). 

‘Hwmin. Hydrochlorate of hematin ; easily obtained, as small dark crystals, M4 
bolilng blood to which some comumensalt and glacial acetic acid have been add 

Holoblastlc, ‘The form of ova the entire yolk of which enters into the process 

sage segmentation, 

Homaothermic, von temperatured—a torm applied to those animale that 
ape 8 regular temperature, independent of their surroundings—warm-blood 


Hysleid. i Gloss-like ; a name given to the delicate membrane enclosing the 
vitreous humour. 
Compounds of carbon and hydrogen. ec though containing 
oxygen in addition, have ben considered ax hy 
trople, A torm applied to oyes in which the See parallel rays of 
light lies beyond the retina ; aleo called long aight, 
hy. Tucreaved growth from excessive nutrition. 
Hypoblast. The undermost of the layers of the blastoderm, from which the 
pulmonary and alimentary tracts and their glands are formed, 


Inhibition, A checking or preventive action exercised by some nervous méchan- 
‘isms over nerve corpuscles and other active tissues. 
seria ‘Anome given to n largo class of simple organisms which are found 
in dirty water. 

Trradiation, The phenomenon that bright objects nj 
are. [tis cate the extension rs effect of fois een tho et parheg hd 
parts immodiately adjacent to where the light rays impinge. 


‘Kymograph, Aninstrument used for reconting graphically the undulations of blood» 
presure, measared directly from a blood-vemel by means of a manometer, " 


Portaining to the secretion of tears, 

Lacunm, Small spaces in the substance of bone tieeue, oceuptod during life by the 
bone-cells, They appear black in sections of dry bone owing to their con 
taining oir, which replaces the shrivelled cells, 

Latency, or Latent period. The time that clapscs between the moment of 
stimulation and the response given by an active tissue, 

‘This is a common juct of the decomposition of proteids, It is 
formed in the later stages of pancreatic digestion, 

Leucocytes, A term applied to the white blood-corpuscles and lymph cells, 

Lamon, ‘The open space seen on section of a tube, ressal or a es meena 
tie nity aeeaee by the gland-tells, in which Yue secretion 
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tie cup, Tho involuted optic vesicle which ix developed into the retina, &e. 
Okyhomoglobin, The colouring matterof the red Hop corpusles 


Paramecium, A unicellular organism composed of a soft mass of protoplasm 
enclosed in a firmer cause anil covered with inotile cilia, 
sched A stage in the formation of peptone produced in gastric 


Pepsin. A ferment existiag ia the gastric juice which converts protelds into 


poptones. 

Poptone, A form of albumin which ix produced during the digestion of protelds ; 
it in very soluble and diffuses readily through meuibrano, 

Perilymph. The liquid surrounding the membranous labyrinth of the ear. 

Poristalsis. Tho mode of contraction of the museular walls of certain tubes, a 
the esophagus and intestine, the effuct of which ix to cana a progressive 

ion, and so force the contents of the tube onwards. 

Phakosoope. An instrament for estimating tho changes in the shape of the lens 
during sccommodation by doubling the reflected images with w pris. 

Placenta, The intra-uterine ongin by means of which the fatal blood is Wrought 
into close relationship to that of the mother, so as to gain nutriment and 
oxygen and get rid of effete matters. 

Plasma, A term meaning anything formed or moulded ; it is mpplied in, phology 
to indicate chemically complex kinds of matter which subscrve to the forma- 
tion of the living times, 

Poikilothermic, Varying in temperature, A term applied to those animals whose 
temperature varies with that of the surrounding mediam—" cold-blooded 


animals, 
Presbyopia, A term denoting the loss of power of sccommodation for near 
vision, which accompanfes old age. 
Protista, A term unod to denote the lange group of organism which remain iu 
tho primitive state of a single coll during all their lifetime. 
rotococeus, A unicellular vegetable organism, the protoplasm of which contains 


chlorophyll, 

Protoplasm, ‘The substance which gives rise to the primitive vital phenomena, 
‘seen in unicellular organisms, and which is the chief agent in executing the 
functions of all the active tissues. 

Protovertebrm. ‘The primitive segments of the mosoblast in the site of the future 
vertebral column, 

Protozoa, The division of the protista which hax been assigned to the animal 


kingdom. 
Proximal. A term need to denote a part relatively nearer to the centre. 
Peoudopodia. A term cae to the projections thrown out by moving proto- 
last, if which cells, pes as ambe, move, 
Pryslin of the saliva, In a weak alkaline solution it converts 
starch inte dextrine and sugar, 





Reflex action. The activity caused hy a ganglion cell reflocting an afferent 
impulse along an efferent nerve to the neighbourhood of origiual stimula. 
tion. 

Refraction. ‘Tho bending which rays of light undergo when passing obliquely from 
one mediom to another of different density. 

Retloulum. A notwork ; a term applied. to. the inverlacemen «A Wore, wala wa 
is seen in reticulated connective tismue, &e, 
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Trophic, Relating to nutrition. 
‘Trypsin. A farment in the pancreatic juico which in alkaline solutions converts 
‘proteids into peptones, 
‘A substance formed together with lencin during pancrentio digestion ; 
it is also producod by patrefaction of proteids, 


Urachus. The bond! of union which ‘at an early period connects the urinary 
pee with the allantois in the embryo ; it is subsequently obliterated in 
@ footing, 


‘Vaouoles. Stall cavities such as oceur in cells, ‘They are supposoil to have 
Important functions in many unicellular organisms. 

Vagus. Tho part of the eighth pair of nerves distribute to tho viscera of the 
thorax and abdomen, it is the great regulating nerre of the vegetative func- 
tions. 

‘Vasomotor, The name given to the nervous mechanisms controlling the move- 
ments of the muscle-wall of the blood-vessels, 

‘Villus. A huair-like process. A term applied to the small projections charncter- 
istic of the small intestine. They contain blood vessel Inctoals, and aro 
important in absorption. 

Vitellus, The yolk of tho ovum, which in mammals divides completely to form 
the embryo, In binds only a part divides, and tho rest serves to nourish 
the chick. 

Vorticells. Bell animaloule, bell-shaped unicellular organism with a rudi- 
mentary cilinted mouth cavity and rapidly contractile stalk, 








‘Wolfilan body. An embryonic structure tho forerunner of certain parte of the 
gonito-nrinary apparatus, 


Zymogen. A pecnliar snbstanco exixting in the mecretion of the pancreas 
supposed to give riso to the pancreatic ferment. 
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Bacrenta, 57 
— wound infection, 58 
Pasal gunglin, 588 
Baxemont membrane, 18 
Belladonna, action on the eye, 480 
Boll anixalculo, 62 
Bile, 127 
— composition of, 193 
ducta, 131 
functions of the, 138 
method of obtaining, 133 
— salts, 43 
— secretion of, 156 
tents, 135 
Bilirubin, 
Biliverdin, 135 
Binooular vision, 
Blastoderm, 12 
— of egg, 502 
a spot, 489 
aumount of, 169 
arterial, 
Sarton ‘ior in the, 194 
change from Yenows to arterial, 
288 
changes in the tismues, 292 
changes in the spleen, 304 
chemical interchanges in rospl- 
ration, 279 
cirvulation of the, 204 
ciroumstances influencing co- 
agulation, 197 
coagulation of, 172, 195 
colouring matter of, 187 
current, velocity of the, 259 
destiny’ of tha rod discs, 12: 
fibrin of, 172 
fibrin ferment, 175 
fibrin formation, 201 
gases in tho, 193, 201 
general charscteristicn of the, 
168 
globin, 192 
humatin aryxtals, 190 
huemin crystals, 191 
huemoglobin crystals, 188 
Liquor sanguins, 171 
nitrogen in the, 194 
of white corpueler, 
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180 
oxygen in the, 194 
plaama, 96, 171 
plasms, composition of, 173 
red corpuscles, 177 
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Blood, red eres dovelopment of 
the, 192 


serum, Ly ue 
spostea of, 
tension of gases in the, 202 
Es mothod, 169 
varcular system, 

of, 587 
Yenous, 258 
Weber's method of eatimating 

amount of, 169 
Wolcker's mothod, 170 
white corpusclos, 178 
Biooll eepuncies, 171 

— corpuscles, action of re-agents 
on, 183 

mothod of counting, 


nt 


185 
corpuscles, sizo and shapo of, 181 
BloaL-pressure, 234 
— changes with respiratory move- 
ment, 244 
— curve, 242 
measurement of the, 237 
relative height of, 240 
respirtery ‘wave of, 244 
tencing, 
wcats tho, 241 
vessels, 227 
nervous control of the, 259 
— relative enpacity of, 231 
Lone, 30 
Hones of middle ear, 505 
Drain, 529, 534 
—' development of, 73 
offect of xtizmnlation of, 543 
fibres and cells im the, 534 
function te 536 


| ood 


Brewking shock, 419 

Nronehial tabes, 263 

Hrilnner’s glands, 141 

Dncoal cavity, development of the, 609 
Thutter, 70 


Canamax Beax, action on the eyo, 430 
Calamus seriptorins, 279 





Cayiiarins, 204, 2 
Oarbolrydtaven, 46 








Daxrert's battery, 413 
Decidua retlexa, 561 
werotina, 659 
— vers, 561 
Defeecation, mechanism of, 89 
Deglutition, 78 
— nervous mochaniem of, 83 
Dopressor nerve, 257 
Development, 550 
— of alimentary canal, 576 
arterial aystem, 505 
blood vascular kystem, 587 
brain, 573 
ear, GOL 
eye, 600 
genito-nrinary apparatus, 581 
heart, 587 
kidneye, 584 
liver, 580 
lungs, 580 
nose and mouth, 608 
esophagus, 680 
pancreas, 680 
sexual organs, 585 
skull and face, 606 
spinal cont, 571 
spleen, 680 
venous aystem, 596 
Dextrose, 46 
Diaphragm, 270 
Diastole, 213 
Diet table, 352 
Digestion, mechanism of, 75 
Dioptric apparatus, defects of, 481 
media of eye-ball, 469 
Direct vi 0 
Discus proligerus, 549 
Dram of the ear, 503 
Du Bois Reymond's spring myograph, 
38: 


2 
Duotless glands, 298 
Dactus Arteriosus, 206, 594 
—  vonowas, 693 
vitello-intestinalis, 659 
Dyspnena, 280 


Kar, auditory canal, G03 
— conduction of sound through 
the, 502 
coches, 507 
doveloptnent of the, 604 
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Eustachian tube, 506 
labyrinth of the, 509, 507 
nerve endings in the, 508 
‘ongan of Corti, 510 
oniales of, 504 
vamniciroular canals, 508 
tympanum of, 503 
of birds, 505. 

— af fishes, 502 

Fetollerm, 15 

Eetosare of paramaciura, 62 

Efforent nerve fibres, 413 

Rifeto product, 44 

Keg albumin, 98 

Ezz, development of the, 860 

Eggs, 72 


| Elastin, 42 


Elootri¢ shock, 418 
stimulation of muscle, 875 
stimulation of norre, 418 
Electrodes, non-polarisnble, 372 
Electrotonus, 422 

Kiabeyonic chick, 654 
Emmutropie eyo, 478 
Hmulsification, 126 

End bulbs (Kranse’s), 450 
Kndoderm, 15 

Enilogenous division of cells, S& 
Kodolymph of inner ear, 506 
Rodesare of paramseiutn, 61 
Vudothelium, 154 


itheliam, cilintet, 19 
columnar, 19 


Kyuilibeation, 536 

Kupmnoea, 280 

Eustachian tube, 506 

development of the, 606 
Eseretions, 917 

Expiration, 268 

rausclos of, 273 

Bye, 465 

dorelopment of the, 600 
dioptries of tho, 473 

motor neree of the, 436 

range of distint vision, 478 
tunics of the, 446 

Rye-ball, diopieke tein of, S8 
Eyerbolla, moreraents of Yas, NO 
muscle of the, ABT 
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lum, 61 
ion of norve calls, 432 
ory action, 522 
s 


secretion, method of obtaining, 
142 


movements, 87 
a6, development of, 578 
large, 145 

lymph follicles of, 157 
Dutrefactive fermentation inthe, 


structure of small, 140 
bular vein, 129 

‘on of the image, 475 
tion, 492 

rable gases, 208 

8, 482 


m, 42, 319 

+ blood-vensels of, 323 

convoluted tubes of, 222 

dorelopment of the, 584 
of, 823 








Kidney, pyramida of, 323 
— "structure of the, 921 
Kreatin, 45, 397 
Kroatinis, 45 
uring, 332 
Kymograph, Ludwig's, 239 
— Fick's spring, 243 
Kymogruphic tracing, 257 


Lanvarvtat of ii a 503, 607 
Lachrymal gland: 

Tacteals, 142, 148, va 

Lactic fermentation, 47 

Lactose, 47 


— ‘anatomy of, 404 
Latent period, 383 
Lateral plates of embryo, 568 
Laughing, 284 
Law of contruction, 427 
Lecithin, 43 
Lens, crywtalline, 469 
Lencin, 45, 125 
Laucocytes, 178 
Lavatores A pomye’ 271 
Levers, orders of, 397 
rer iene 's folicen ll 

ight my a 
ight lalate of retina by, 402 
Listing’s measurements, 4) 
Liver cells, 130 
Liver, development of, 580 

—" glycogenic function of the, 305 
on reins of, 128 

it, 4 
Lumen of cell, 123 
Langs, 262 
iret m4, 278 
faopy daslbpankat 6 
ot f, 580 

Lymph and chs ley 1m 207 


— follicles, 167 

— movement of the, 166 

—_ pace in tendon, 149 
Lymphatic glands, 151 
Lymphatics, 143 


Maxrxe Snook, ALS 


Malased’ nyyparabos for cerastthg, Was 


corpuscles, 185 
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Musical notes or tones, 601 
Myographs, 382 

Myopia, 450 

Myosin, 39, 369 


Nasan ganglion, 441 
Nausea, 458 
Nogative after image, 491 
— variation of muscle current, 379 
Nerve, active state of, 417 
ascending nnd descending cure 
rents, 426 
cloctric properticn of, 416 
electric change 421 
electrotonus, 422 
force, velocity of, 420 
natural currents in, 417 
optic, 405 
tissue, 20 
roots, 433 
stimulation, negative variation, 
21 


stimoli, 413 
terwinals, 428 
‘Herves, afferent, 21, 415 
cranial, 436 
offerent, 21, 415 
excito-motor, 415 
15 


inhibitory, 415 
interoentral, 415 
mixed, 433 
motor, 415 
refer, 416 


special eas of, 493 
spinal, 433 
vasa-motor, 415 
white, 415 

third pair of, 436 
fourth pair ef, 437 
fifth pair of, 489 
ixth pair of, 437 
weventh pair of, 487 
cighth yair of, 442 
ninth pair of, 445 
cells, 21 

functions of, 430 

in retina, 487 
bipolar, 430 
mmultipolar, 22, 430 
unipolar, 480 


2 
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Nerve tem bre 423 


chemlstey Ry m6 
fatigue of, 424 
lability of, 423 
Je pruyaration, 380, 417 

Nervous ayxtem, 413 

— medulla oblongata, £28 

— reflex action, 618 

—_ spinal cord, 513 
Neurin, 44 
Neuroglia, 518 
Neuro-inuscular cell, 20 

itroger 

— in woes. air, 286 

— in the atmosphere, 286 
Nowe, 463 

— development of the, 608 
Notochord, 553 
Nueleolus, 8 
Noclous, 5, 10 
Nutrition, 143 

— and food staffs, 6% 

— tinue changes, $44 


Opostontasts, 79 
CBaophagas, $2 

— development of, 580 
Olfactory bulb, 403 

— mucous membrane, 464 
Omphalo-mesenteric vessel, 692 
Ophthalmoseope, 485 
Optio axis of he eye, 474 


Organ of Corti, 510 
Organisms, characters of, 4 
— vital characters of, ST 
Ossicles of the middle ear, 504 
Ossifying cartilage, $1 
Onteoblasta, 32 
Otic ganglion, 441 
—_ vonicle, 605 
‘Otoliths, 508 
‘Ovary, 548 
‘Ovoid cella, 1 
Ovam, 545 


























INDEX. 


Roflex action, theory of, 522 
Roflex coutres, special, 625 
Reflexion, 526 
— of nerve cells, 431 
Refraction, 473 
Refracting modia of the eye, 474 
6 


Respiration, afferent and efferentnerves, 
282 


automatic nerve centre, 280 
chemistry of, 286 
differences in male and female, 
269, 287 
extornal, 261 
internal or tissne, 261, 292 
mechunism of, 260 
nervous mechaulsm of, 278 
of abnormal air, 
varintions of pressury in, 276 
ations, rate of, 268 
Respiratory centro in medalla oblon- 
gata, 530 
— gas interchange, 287 
— sounds, 278 
Restiform bodies, £20 
Reticulum, 
Retina, 469, 5 
— ‘stimulation of the, 491 
— structure of, 488 
Revolving cylinder, 238 
Rheoscopic frog, 379 
Ribs, 266 


Rigor mortis, 393 
Rittor’s tetanus, 419 
Rods and cones, 488 

—_ of Corti, 510 
Rotation af the eye-ball, 496 


Sacounra of ear, 605 
Sacculated glands, 14 
Saliva, composition of, 97 
Salivary corpascles, 9S 

— ‘glands, 96 
Salivary ie 1 nerve mechanism of, 

00, 

— _ method of, 99 
Saponification, 195 
Sarcolactic acid, 378 
Sarcous elements, 568 
Sxreolemma, 24, 307 





Scalent muscles, 271 
Schoinor’s experiment, 477 
Sclorotic cont of eye, 466 
Setaceous glands, 311 
Secretions, 309 
Secreting gland cells, changes in, 104 
Segmentation in the ovum, 562 
Semi-cireular canals, 508 

— development of the, 605 
Semilunar valres, 20 
‘Sensations, general, 4 
Sense of touch, 445 
Sensorinm, 454 
Senaory nerve roots, 433 
Serratos postions inferior, 279 
Seram allamin, 33 
Seventh nerve, 499 
Sexual distinction, 584 

— organs, development of the, 685 
EAiveriags 459 


Skin sensations, 448 

Skull awd face, developanent of the, 
606 

Smell, sense of, 408 

Snoozing, 253 
— centre, 631 

Sobbing, 284 

Solar spectrum, 493 


400 
amplitude of vibration, 500 
conduction of, 502 
conduetion of, through the ear, 
505, 
conveyance of, in cochlen, 10 
over-tones, 501, 512 
piteh of note, 500 
quality of motes, 591, 612 
rate of, period of vibration, 500 
tone, noise, 511 
‘tones or musical notes, 601 
transmission of, 60) 
Sasa of, to the brain, 
12 
Sounds, classification of, 412 
— reflex centres, micturition, &¢., 


Special senses, AAR 
— wma, 463 
— taste, 460 








INDEX, 


Titillation, 450 
one, 611 


Tooth, crusta potroen, 77 
— dentine, 77 
enamel, 7: 
— pulp cavity, 77 
‘Torala corevisia, (yeast plant), 58 
ouch corpusclos (Meiemner's), 449 
— soneo of locality, 452 
— nenso of pressure, 454 
—  tomperatare sense, 445 
‘Tmbecnim, 151 
— of spleen, 301 
‘Trlangularis sterni, 273 
Tricuspid valve, 206 
Trigominus nore, 439 
Wrochlear nerve, 437 
‘Trommer's test, 108 
Trypsin, 128 
Pabuli veminiferi, {47 
Tunica adventitia, 227 
filvrosa, 548 
granulom, 549 
intima, 228 
media, 227 
propria, 648 
vascaloss, 648 
Tuning fork, demonstration of vibra 
tions, 500 
— uses of, in measuring time, 382 
Tympanic mowbranc, 503 
‘Tyronin, 45, 1 


Unatiz0an vensels, 502 
Umbilicus, 657 
Unicellalar organiams, 14 
Unatrinted muscle, 346, 396 
Umebua, 560 
Urea, 44, 329 
nouree of, 336 
— preparation of, 230 
— volumetric estimation of, 891 
Uric acid, 465, 331 
Uroters, 339 
Urinary calouli, 335. 
— excretion, 321 
— secretion, nervous saechaniam 
of, 338 
Dring, 825 
— ‘abnormal constitocnts of, 934 








631 


Urine, chemien! composition of, $29 
colouring matters of the, 333 
— gnnes in, 984 
— inorganic silts in, 333 
—  pusmage into bladder, 
— specific gravity of, 326 
= secretion of, 325 
Uterus, 563 
Utricle of ear, 605 


Vacvours, 8 

— of paramiccium, 62 
Vagus nerve, 225, 448 

— effect ‘on respirntion, 281 

-_ effect on heart, 224 
Valialva’s experiment, 508 
Valvulw consiventes, 140 
Youa-motor centre in medulla oblon- 
gata, 531 
~~ centres in spinal cond, 621 
nerves, 255 

Vascular aystem, development of, 587 
‘Vos-deferuns, development of, 583 
Vegetable coils, 8 

— action of light on, 68 
Vogetable food, 72 
Veins, 230 

development of the, 508 

Velocity of blood eurrent, 262 
Venw advehentes, 598 
Vonn porta, 305 
Venous blood, 288 

- ~_— development of the, 


Ventilation, 203 
Ventricles of brain, 529 
oth 206 


veut, 
Vesicular breathing, 273 


accemmedation, 478 
binoenlar, 498 


iin (nae wanna 
Vv (tellin, Ey 








Yeast plant, 












Vomiting, 85 
Vortiella, 14, 62 Yellow clastic tiz 
~— ciliary motion of, 62 Yellow spot, 436 
Contractile stalk of, 62 —  stracture: 
1 Yolk sac, the, 55: 
; ‘Waxxrno and running, 402 
Warm-blooded animals, 353 Zona pellucida, 5 
Water, 48 + Zymogen, 124 


THE END. 
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